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ABSTRACT 

.- 

- 

*- 

In early 1984, a radiological survey was conducted at the Albany 
Research Center (ARC) in Albany, Oregon. The survey was 
performed as part of the Formerly Utilized Sites Remedial Action 
Program (FUSRAP), a U.S. Department of Energy effort to 
identify, clean up, or otherwise control sites where low level 
radioactive contamination (exceeding current guidelines) remains 
from the early years of the Nation’s atomic energy program. 
From 1978 through 1982, the Argonne National Laboratory (ANL) 
conducted radiological surveys of the ARC and identified areas 
with radiological readings above background. The 1984 survey 
was necessary to determine actual levels of contamination in 
each area and to define the locations and boundaries of 
above-guideline contamination. The survey was conducted by the 
FUSRAP Program Management Contractor, Bechtel National, Inc., 
and its radiological subcontractor, Eberline Instrument 
Corporation. 

The 1984 survey revealed site field areas with above-guideline 
concentrations of thorium-232 and radium-226 in surface and 
subsurface soils. Using the 1984 survey findings for surface 
area and depths of contamination, and based on current cleanup 
guidelines for thorium-232 and radium-226, approximately 2000 
m3 (2600 yd3) of contaminated material would require removal 
for the ARC site to comply with guidelines. Cleanup of 
approximately 5 m3 (6.5 yd3) of above-guideline contamination 
in two sumps, one drain, and associated piping also would be 
required. 

In addition, nine site buildings contained scattered above- 
guideline contamination on floors and/or walls, in trenches and 
drains, and on equipment. Decontamination could be accomplished 
with the removal of approximately 1 m3 (1.3 yd3) of surface 
mater ial, plus decontamination of drains, trenches, and 
equipment as appropriate. 
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This report describes the procedures, results, and significance 
of findings of a radiological survey conducted during February 
and March 1984 at the Albany Research Center (ARC) in Albany, 
Oregon. The survey was conducted as part of the Formerly 
Utilized Sites Remedial Action Program (FUSRAP). FUSRAP is a 
U.S. Department of Energy (DOE) program to identify, clean up, 
or otherwise control sites where residual radioactive 
contamination, at levels above current guidelines, remains from 
the early years of the nation's atomic energy program. Under 
contract to DOE, Bechtel National, Inc., (BNI) acts as the 
Program Management Contractor (PMC) for FUSRAP. 

Earlier radiological surveys performed June 1978 through 
September 1982 by Argonne National Laboratory (ANL) had 
established that contamination existed at the site (Refs. 1 
and 2). The 1984 radiological survey was necessary to define 
precise locations and boundaries of the contamination identified 
in the ANL surveys, as a prelude to possible remedial action at 
the site. The 1984 survey was conducted by BNI and its 
radiological subcontractor, Eberline Instrument Corporation 
(EIC). 

The survey covered those site field areas which had been 
previously identified by ANL as exhibiting above-background 
readings, plus all areas within 10 m of buildings. In the 
field, measurements were made for near-surface gamma, beta-gamma 
dose rates, and gamma exposure rates. Boreholes were drilled 

and gamma logging was performed at 15-cm vertical intervals. 
These measurements were calibrated against the results of 
subsurface soil sample analyses. Surface soil samples and 
sediment samples also were collected and analyzed, as were 
on-site and off-site surface and subsurface water samples. 

In addition to the field survey, 10 site buildings previously 
identified by ANL as being contaminated, plus two other 
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buildings identified as contaminated by A. H. Environment, Inc. 
(Ref. 31, were characterized during this survey. Specific areas 
surveyed in each building were chosen based on the results of 
the previous surveys. Surface areas surveyed followed a 1 m x 

1 m grid on floors and walls. The floors and, when applicable, 
the walls in each building were monitored for surface alpha 
contamination and beta-gamma dose rates. When appropriate, 
smear samples were taken for transferable alpha and beta 

contamination. Floor/wall intersections, ceiling beams, 

ventilation systems, the openings of drains, trenches, and 
equipment were also surveyed as appropriate. Complete survey 
procedures are described in Section 3.0. 

Results of the field surveys showed areas of elevated 
concentrations of thorium-232 and radium-226 in surface and 
subsurface soils. Approximately 2000 m3 (2600 yd3) of 
contaminated soil would require removal for the site to comply 
with guidelines. In addition, approximately 5 m3 (6.5 yd3) 
of contaminated sediments would require removal from exterior 
sumps and a drain opening. Associated piping found to be 

contaminated during the remedial action would also be removed. 

The total amount of building contamination is relatively small. 
Surface (floors and walls) decontamination would require the 
removal of only approximately 1 m3 (1.3 yd3) of contaminated 
material. Decontamination of equipment, trenches, etc., would 
also require removal of material. Because some equipment will 
be decontaminated and other equipment will be removed, the total 
volume of contamination from equipment will be determined during 
remedial action. Complete survey results are reported in 
Section 4.0. 
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2.0 SITE DESCRIPTION 

,- 

- 

2.1 LOCATION AND DESCRIPTION 

The ARC site is located in Albany, Oregon, about 37 km (23 
miles) south of Salem, Oregon, as shown in Figure 2-l. 

The ARC property covers an almost-rectangular area of 
approximately 14.4 ha (36 acres). It is bounded on the north by 
Queen Avenue, on the east by Liberty Street, on the south by a 
tennis club, and on the west by Broadway Street. The ARC site 
comprises three main areas: the ARC proper, which consists of a 
number of buildings in the northernmost 11.7 ha (29 acres) of 
the site; a 0.8-na (2-acre) Biomass Research Facility 
(inactive), which occupies the center of the site; and a 5.7 ha 
(14 acre) grass-and-weed covered area known as the "Back Forty," 
which occupies the southernmost end of the site. A plan vieti of 
the ARC is shown in Figure 2-2. Figure 2-3 is an aerial 
photograph of the site and its immediate environs. 

2.2 SITE HISTORY 

From 1948 to 1956 the ARC was involved in operations involving 
melting, machining, welding, and alloying thorium. Research on 

uranium and thorium alloys also was conducted on-site from 1955 
to 1978. During these operations, portions of the Biomass area 
and the Back Forty were used as waste disposal areas for 
materials containing thorium and uranium decay products. 
Placement of materials in these areas ended in 1956. 

During the 1948-1978 era of the Manhattan Engineer District 
(MED) and U. S. Atomic Energy Commission (AEC) work at the site, 
process buildings and surroundings were decontaminated at 
various times to guidelines provided by the AEC. 
Decontamination guidelines which were used during those early 
cleanup efforts were not as specific as the guidelines in effect 
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in 1978 when the work at the ARC was terminated. For example, 
there were no cleanup guidelines for radionuclides in soil. 
Records relating to the decontamination effort were not adequate 
to determine if the buildings and surrounding areas met the 1978 
DOE radiological guidelines. As a result, and at the request of 
DOE, a radiological assessment of ARC was initiated by ANL. The 
results of this assessment are reported in Subsection 2.3. 

2.3 PREVIOUS RADIOLOGICAL SURVEYS 

From June 1978 through September 1982, ANL conducted various 
surveys of the buildings and grounds on the ARC site to 
determine the radiological conditions. Building 4 and Building 
30 were not included in the ANL survey. These were surveyed in 
1981 by A. H. Environment, Inc. (Ref. 3). 

Results of the ANL survey indicated that of the 34 buildings 

located on the ARC site, 10 contained some degree of 
contamination. Buildings 1, 5, 17, 23, 25, 26, 27, 28, 30 (Room 
8) and 31 contained a few, small areas above remedial action 
guidelines. No contamination above guidelines was observed in 
the 5 buildings located in the Biomass area (Refs. 1 and 2). 

Argonne reported grounds contamination at 26 locations on 
unpaved areas and at 33 locations on paved areas. The vertical 

extent of contamination was generally confined to the first foot 
of soil. The deepest contamination exceeding DOE guidelines was 
at a depth of 1 m (3 ft). The contamination consisted mainly of 
natural thorium, with lesser amounts of normal uranium. Because 

ANL did not employ a site grid system, the exact boundaries of 
the contamination could not be defined adequately for design 
engineering purposes (Refs. 1 and 2). 



.  ..‘a 3 .0  S U R V E Y  P R O C E D U R E S  

3 .1  FIE L D  S U R V E Y  P R O C E D U R E S  

T h e  su rvey  g r id  sys tem fo r  th e  si te was  es tab l i shed  fo r  B N I by  a  
civi l  su rveyor  du r i ng  Feb rua ry  1 9 8 4  a n d  was  b a s e d  o n  th e  O r e g o n  
state geo log i ca l  p l a n e . T h e  g r id  cons is ted  o f m u tua l l y  
pe rpend i cu l a r  l ines  s p a c e d  1 5  m  apa r t, a s  s h o w n  in  F igu re  3- l  
( for e a s e  o f re ference,  a l l  figu res  show ing  samp l i ng  loca t ions  
a re  p r e sen te d  a t th e  e n d  o f S e c tio n  3 .0).  A reas  su r veyed  
i nc l uded  th o s e  a reas  p rev ious ly  i d en tifie d  by  A N L  as  hav i ng  
r ead i ngs  a b o v e  b a c k g r o u n d , p lus  a l l  a r eas  wi th in  1 0  m  o f 
bu i l d i ngs  o n  th e  si te (Refs. 1  a n d  2). 

3 .1 .1  M e a s u r e m e n ts Taken  a n d  M e th o d s  U s e d  

W ith i n  th e  g r id  b locks  o f a l l  fie l d  a reas ,  b e ta - g a m m a  d o s e  ra te  
m e a s u r e m e n ts we re  m a d e  o n  th e  g r o u n d  sur face  a t 2 .5 - m  
intervals.  T h e  m e a s u r e m e n ts we re  m a d e  us i ng  a  p a n c a k e  g e o m e try 
G e ige r -Mue l le r  p r o b e  coup l ed  to  a  d ig i ta l  ra temeter /sca ler  
[Ebe r l i ne  Ins t rument  Co rpo ra tio n  (EIC)  m o d e l s  H P - 2 1 0  a n d  P R S - 1 , 
respect ively] .  

A lso  a t 2 .5 - m  in terva ls  wi th in  th e  gr id,  near -su r face  g a m m a  
m e a s u r e m e n ts we re  m a d e  3 0  c m  a b o v e  th e  g r o u n d  us i ng  a  5  c m  x 
5  c m  sod i um- i od i de  (NaI)  d e tector.  Th is  d e tector  (E IC m o d e l  
S P A -3)  was  m o u n te d  in  a  p r o b e  assemb l y  su r r ounded  wi th a  con ica l  
l e ad  sh ie ld  to  r educe  th e  g a m m a  intensi ty th r o u g h  th e  s ides,  
th u s  p r oduc i ng  a  d o w n w a r d  d i rec t iona l  response .  

G a m m a  exposu re  ra te  m e a s u r e m e n ts we re  m a d e  a t 1 5  loca t ions  
th r o u g h o u t th e  si te g r id  sys tem us i ng  a  p ressu r i zed  ion iza t ion  
c h a m b e r  (PIC).  Th is  ins t rument  h a s  a  r e sponse  to  g a m m a  
rad ia t ion  wh i ch  is p ropor t i ona l  to  e xposu re  in  r oen tg e n s . A t 
e a c h  o f th e s e  1 5  locat ions,  a  m e a s u r e m e n t was  a l so  m a d e  wi th a n  
unsh i e l ded  S P A -3  d e tector  m o u n te d  o n  a  t r ipod.  A  conve rs ion  
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factor for SPA-3 measurements was established through a correlation 
of these two measurements at the 15 locations. The unshielded SPA-3 
readings were then used to estimate gamma exposure rates for those 
locations shown in Figure 3-2. 

Boreholes 15 cm in diameter were drilled in the areas shown in 
Figure 3-3. The locations and number of holes in each area were 
oased on surface measurement results and the ANL survey data. A 
section of lo-cm diameter PVC plastic pipe with a closed bottom was 
inserted into each hole as a temporary sleeve to allow gamma 
logging. A 5-cm x 5-cm NaI (Tl) gamma scintillation detector (SPA-3 
NaI crystal in a modified probe used specifically for borehole 
logging) was lowered into the pipe to obtain a profile of the depth 
of contamination. The detector was coupled with a PRS-1 
ratemeter/scaler. Timed gamma measurements were made at 15 cm 
vertical intervals. These measurements were calibrated against the 
results from laboratory analyses of soil samples collected from 
boreholes (see Figure 3-5) to determine a correlation between counts 
per minute (CPM) and picocuries per gram (pCi/g). Subsurface soil 
samples were collected using Shelby tube sampling techniques. 

3.1.2 Sample Collection and Analyses 

Surface (O- to 15-cm-deep) soil samples were collected from areas 
where near-surface gamma levels or surface beta-gamma rates exceeded 
site background by a factor of three. These surface soil sample 
locations are shown in Figure 3-4. Each sample was placed in a 
0.5-liter plastic container, capped and laoeled. The samples were 
analyzed for radium-226, thorium-232, and uranium-238 using gamma 
spectrometry techniques. Eacn sample was counted for 10 minutes 
using an intrinsic germanium detector housed in a lead counting cave 
lined with cadmium and copper. The pulse height distribution was 
sorted using a computer-based multi-channel analyzer. Estimates of 
the concentration of individual radionuclides were made following a 
comparison of the gamma spectrum of each sample with the spectrum of 
a certified counting standard. 



- 

“I 

.- 

Subsurface so il samples  were taken at locations shown in F igure 
3-5. Undisturbed so il samples  were co llec ted us ing thin-walled 
Shelby  tubes. Core samples  were div ided into approximately 
lo-cm increments, placed in 0.5-liter plas tic  containers, 

cupped, and labeled. Samples tiere analyzed in the same manner 
as the surface so il samples . Radionuclide concentrations in 
these samples  were used to obtain the ca libration fac tor for 
gamma logs  of ooreholes. 

As shown in F igure 3-5, three samples  of subsurface so ils  from 
the disposal area were co llec ted to determine the presence of 
chemica l contaminants lis ted among the Environmental Protection 
Agency's (EPA) priority  POllUtantS. These samples  Mere 

co llec ted, packaged, and preserved in accordance with EPA 
procedures. Each sample was analyzed for mois ture content, 
ch loride, cyanide, fluoride, nitrogen (nitrate), phenol, 
phosphate (total), su lfate, pesticides, ac id and base/neutral 
organics, vo latile organics, and 35 metals . These data are 
required to provide documentation of chemica l contaminants, if 
any, to ensure that proper indus trial safety precautions are 
applied during the remedial action phase. 

On-s ite surface water samples  were co llec ted from areas which 
had s tanding water. F ifteen samples  were taken at locations 
related to the s ite's  grid, as  shown in F igure 3-6. In 
addition, a sample was taken from a swampy area west of Building 
34, and another sample was taken from the ditch south of the 
waste dump area. The coordinates  of the latter two samples  were 
not recorded, and the locations shown in F igure 3-6 are 
approximate. 

O ff-site surface water samples  were co llec ted from a shallow 
underground drainline that c rosses  the north end of the Back 
Forty area of the s ite and flows  northwest under Broadway and 
adjacent v ic inity  property to an outfall at the drain's 
intersect ion with Queen Avenue. Beginning on January 6, 1984, a 
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one-liter sample was collected from this outfall three times 
each week and cornposited into a single weekly sample. These 
samples were collected for 14 weeks. 

Surface water samples were shipped to the Eberline laboratory in 
Albuquerque, New Mexico, where they were analyzed for suspended 
and dissolved thorium-232, radium-226, and total uranium using 
standard radiochemical techniques. 

On-site subsurface water samples were collected from those 
boreholes located in areas suspected of contamination and from 
areas adjacent to the tile field in the Back Forty. Sampling 
locations are shown in Figure 3-7. Seven off-site groundwater 
samples were collected from manholes and culverts. Subsurface 
samples were analyzed for dissolved and suspended thorium-232, 
radium-226, radium-228, total uranium, uranium-238, uranium-235, 
and uranium-234 using standard radiochemical techniques. 

Sediment samples were collected from drainage paths, sewers and 
septic tanks. The tile drain that underlies portions of the 
Back Forty was sampled to determine the extent of contamination 
(see Figure 3-8 for locations). These samples were collected 
using a clamshell, Ekman Dredge. The samples were analyzed for 
uranium-238, radium-226 and thorium-232 in the same manner as 
soil samples. 

3.2 BUILDING SURVEY PROCEDURES 

The 10 buildings previously identified by ANL as being 
contaminated (see Subsection 2.3) were characterized during this 
survey. Building 4, Building 29, and Building 30 also were 
surveyed. The specific areas surveyed in the buildings were 
based upon the results of the ANL and A. H. Environment surveys, 
plus information supplied by the ARC staff (Refs. 1, 2, and 3). 
The areas surveyed followed a 1 m x 1 m grid established on the 
floors and, when applicable, on lower and upper walls. "Lower 
walls" describes the area from the floor to the height of 1 m 
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above the floor. "Upper walls" are areas above 1 m. Ceiling 
beams, ventilation systems, and equipment suspected of 
contamination in several buildings also 'were surveyed. The 
openings of certain drains in some buildings were 
characterized. The specific areas surveyed in each building are 
described in Section 4.0, Survey Results. 

The ANL surveys had indicated levels of airborne radioactive 
materials and gases were below applicable guidelines. 
Therefore, no air sampling was conducted during this survey. 

The floors and, when applicable, the walls in each surveyed 
building area were monitored for alpha and beta-gamma radiation 
on the 1 m grid. An alpha surface measurement was made in the 
center of each grid segment using a 59-cm 2 zinc sulfide (ZnS) 
scintillation probe (EIC model AC-3), coupled with a PRS-1 
ratemeter/scaler instrument. Beta-gamma dose rates were made in 
the same grid section locations as the alpha measurements. 
Beta-gamma measurements were made using a thin-window 
(7 mg/cm2) Geiger-Mueller detector (EIC Model HP-210). The 
detectors were in contact with the floor and wall surfaces 
during one-half minute counts. Areas with elevated readings 
were smeared for transferable contamination. In many instances, 
alpha and beta-gamma measurements were made along the 
intersections between floors and walls. This was especially 
true for those areas where residual material was likely to have 
been deposited in floor cracks due to the nature of previous 
operations. 
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. UNDISTURBED SOIL SAMPLE LOCATIONS 
8 SPECIAL UNDISTURBED SOIL SAMPLES - CHEMICAL ANALYSES 

FIGURE 3-5 SUBSURFACE SOIL SAMPLE LOCATIONS 
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4.0 SURVEY RESULTS 

^- 

,- 

- 

4.1 BACKGROUND MEASUREMENT RESULTS 

Background measurements were made as part of this survey. At 
six locations in the Albany area, at distances ranging from 500 
to 3700 m from the nearest area in which radioactive materials 
were handled or stored, surface soil samples were taken for 
determination of radionuclide concentrations. Concentrations of 
uranium-238 in the background soil samples were below the 
minimum detectable activity (MDA) levels (less than 1.0 pCi/g). 
Radium-226 concentrations ranged from below MDA (less than 0.4 
pCi/g) to 2.7 pCi/g and averaged 1.3 pCi/g. Thorium-232 
concentrations ranged from below MDA (less than 0.2 pCi/g) to 
1.2 pCi/g and averaged 0.8 pCi/g. 

At the same six background locations, near-surface gamma levels, 
surface beta-gamma dose rates, and gamma exposure rates were 
also measured. Gamma exposure rates ranged from 6.1 uR/h to 
9.1 uR/h. The average background exposure rate in the Albany 
area was 7.9 uR/h. All background measurements are summarized 
in Table 4-1, presented at the end of Section 4.0. 

In addition to these background data, a series of additional 
external gamma exposure rate measurements were made throughout 
the state of Oregon. Exposure rate measurements in the southern 
part of the state averaged 11.0 uR/h (Ref. 4). 

During this survey, three surface water samples and one 
groundwater sample which were assumed to represent background 
concentrations were collected. Surface water samples were 
collected at points ranging from approximately 500 m to 1700 m 

from the ARC site. A water sample also was taken from the 
municipal water supply. All samples were analyzed for dissolved 
and suspended total uranium, radium-226 and thorium-232. All 
results of these samples were below MDA levels. 
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The MDA's for the background water samples were as follows: for 
dissolved radium-226, less than 0.1 pCi/l; for dissolved total 
uranium, less than 1.5 pCi/l; for dissolved thorium-232, less 
than 0.5 pCi/l; for suspended radium-226, less than 0.5 pCi/l; 
for suspended total uranium, less than 0.09 pCi/l; and for 
suspended thorium-232, less than 0.3 pCi/l. 

4.2 FIELD SURVEY RESULTS 

During this survey, in all field areas, measurements were taken 
for near-surface gamma radiation levels, surface beta-gamma dose 
rates, and gamma exposure rates 1 m above the ground. Boreholes 
were drilled and gamma logging was performed, and undisturbed 
(Shelby tube) soil samples, water samples, and sediment samples 
were taken in each area as appropriate. The results of these 
measurements and sample analyses are presented in the following 
subsections. For comparison purposes, current DOE guidelines 
for radionuclide concentrations in soil, sediment and water are 
presented in Table 4-2 at the end of Section 4.0 (Ref. 4). 

All direct field measurements and laboratory results in this 
report represent gross readings; background radiation levels and 
radionuclide concentrations have not been subtracted. 

4.2.1 Surface and Near-Surface Measurement Results 

Near-surface gamma radiation levels measured on the ARC site 

ranged from 524 cpm to 68,942 cpm. (Elevated near-surface gamma 
radiation levels are considered to be those that are equal to or 
greater than twice background.) Gamma measurements at 1 m above 
the ground ranged from 5524 to 21,024 cpm, compared to a normal 
background of 6,413 cpm. These correspond to a gamma exposure 
rate of 5.8 to 22.2 uR/h. As noted earlier, the overall area 
background rate measured by BNI was 7.9 uR/h. The DOE criterion 
for continuous exposure to an individual in the general 
population is 60 uR/h above background (Ref. 5). Beta-gamma 
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dose measurements ranged from below background to 1.9 mrad/h. 
The DOE guideline is 0.20 mrad/h averaged over one square meter 
(Ref. 6). Near-surface gamma, beta-gamma dose rates, and gamma 
exposure rates are summarized in Table 4-3, presented at the end 
of Section 4.0. 

4.2.2 Boreholes 

One hundred and eight boreholes ranging in depth from 0.8 to 3 m 

were drilled on the ARC site. Borehole gamma logging was 
performed to indicate general depth and concentrations of 
contamination. (Detailed gamma logging results are not reported 
in this document but are available upon request from Bechtel 
National, Inc.) When possible, borehole gamma loggings were 
correlated with the radionuclide concentrations in undisturbed 
(Shelby tube) soil sample analyses, relating the gamma 
detector's count rate (cpm) to the specific radionuclide 
concentration in picocuries per gram (pCi/g). Borehole 
locations where contamination was indicated to be above DOE 
guidelines are shown in Figure 4-l at the end of Section 4.0. 

4.2.3 Soil Samples 

Surface soil samples were collected at points shown in Figure 
3-4. These samples were analyzed for uranium-238, radium-226, 
and thorium-232. The major contaminant was found to be 

thorium-232, with concentrations ranging from less than 0.2 to 
84.8 pCi/g. Radium-226 concentrations above the DOE guideline 
were also found in surface soils, with concentrations ranging 
from 0.4 to 68.0 pCi/g. Uranium-238 concentrations ranged from 
less than 1.0 to 37.5 pCi/g, below the DOE guideline of 

150 pCi/g. Sampling locations which indicated contamination 
above the DOE guidelines are shown in Figure 4-2. Specific 
results are listed by sample coordinates in Table 4-4 at the end 
of Section 4.0. 
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Twelve undisturbed (Shelby tube) subsurface soil samples were 
taken on the ARC site at locations shown in Figure 3-5. The 
results of gamma spectrometry analysis revealed thorium-232 is 
the major contaminant, with levels ranging from less than 0.2 to 
232.1 pCi/g. Concentrations of radium-226 above the DOE 
guideline were also found. Subsurface radium-226 concentrations 
ranged from less than 0.4 to 143.6 pCi/g. Uranium 
concentrations were below the guideline, with concentrations 
ranging from less than 1.0 to 34.8 pCi/g. Locations showing 
subsurface contamination above guidelines are shown in Figure 
4-3 at tne end of Section 4.0. Specific results are presented 
by coordinate and depth in Table 4-5 at the end of Section 4.0. 

Three subsurface soil samples were collected from the ARC 
disposal area for determination of non-radiological parameters. 
EPA priority pollutants were analyzed, with trace amounts of 
trichloroethane, B-BHC, heptachlor epoxide, dieldrin, PCB-1254, 
P,P-DDD (4,4’), endosulfan sulfate, and a variety of metals 
found to be within the soil (Ref. 7). The levels measured would 

not present occupational health hazards by inhalation or skin 
absorption to individuals in contact with the soil during 
remedial action operations. 

4.2.4 Sediments 

Nine sediment samples were collected from the ARC site (see 
Figure 3-8). Sediment samples analyses results are given in 
Table 4-6 at the end of Section 4.0. Uranium-238 concentrations 
ranged from less than 1.0 to 789.5 pCi/g; radium-226 ranged from 
less than 0.4 to 44.7 pCi/g, and thorium-232 ranged from less 
than 0.2 to 33.9 pCi/g. Three samples indicated concentrations 
above the DOE guidelines, and tnese locations are indicated on 
Figure 4-4. 

The results of analyses of the two Tile Drain sediment samples 
ranged from 1.3 to 2.6 pCi/g for radium-226. Thorium was 
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present in only one sample, at a concentration of 1.5 pCi/g. 
Uranium-238 was not found in either of the two Tile Drain 
samples. 

Nine off-site sediment samples collected from vicinity 
properties (see Figure 3-8) were analyzed. The radionculide 
concentrations in these samples were below the DOE guidelines. 
Specific results are given in Table 4-6. 

4.2.5 Water Samples 

On-site surface water samples were collected at points shown in 
Figure 3-6. Fourteen weekly off-site composite samples were 
collected from the Queen Avenue outfall. Surface water samples 
were analyzed for dissolved and suspended thorium-232, 
radium-226, and total uranium. None of the surface water 
samples revealed radioactivity above the DOE criteria. Specific 
results are given in Table 4-7. 

Sixty-one on-site groundwater samples were collected during this 
survey. Sampling locations are shown in Figure 3-7. All water 
samples were analyzed for dissolved thorium-232, radium-226, and 
total uranium. Samples collected from the boreholes drilled in 
the area of the waste dump were also analyzed for suspended 
thorium-232, radium-226, and total uranium. Five additional 
on-site subsurface water samples were collected from the Tile 
Drain area located in the Back Forty. These samples were 
analyzed for dissolved and suspended thorium-232, radium-226, 
radium-228, total uranium, uranium-238, uranium-235, and 
uranium-234. All groundwater radionuclide concentrations were 
below the DOE criteria. 

All radionuclide concentrations in off-site groundwater samples 
collected from manholes and culverts in the vicinity of the site 
were below DOE criteria. Specific results are given in 
Table 4-7. 
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4.3 BUILDING MEASUREMENT RESULTS 

During this survey, portions of Buildings 1, 4, 5, 17, 19, 23, 

25, 27, 28, 29, 30, and 31 were examined for contamination. The 
locations of the areas surveyed in each building were selected 
based on the results of the ANL surveys (Refs. 1 and 2). The 
measurements taken and methods used in the buildings are 
described in Subsection 3.2.1. The results of those 
measurements for each building are summarized in the following 
subsections. The type and number of measurements made in each 
area and the ranges of measured values are detailed in Table 
4-8, presented at the end of Section 4.0. 

For those buildings and/or areas which exhioited contamination 
aoove guidelines, illustrations are provided to show the 
location and type of contamination. These figures are presented 
at the end of Section 4.0 and are referenced in the appropriate 
subsection. 

All ouilding survey measurements represent gross readings; 
background measurements and concentrations have not been 
subtracted. 

4.3.1 Building 1 

A 2 m x 2 m area on the floor of the electrical room in Building 
1 was gridded. The contaminated area reported by ANL was found 
not to exceed guidelines. The beta-gamma dose rate was 0.03 
mrad/h, compared to the DOE dose rate limit of 0.2 mrad/h. The 
alpha surface measurement was 56 dpm/lOO cm2 compared to the 
remedial action guideline limit (based on thorium-232 
contamination) of 1000 dpm/lOO cmL. The guideline for surface 
contamination at ARC is based on thorium-232. Selection of this 
guideline was based on site operational history, which indicated 
that the primary material handled was thorium-232. 
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4 .3 .2  Bu i l d i ng  4  

In  Bu i l d i ng  4 , th e  su rvey  c e n te r ed  o n  th e  "Ow l  R o o m " . Th is  r o o m  
compr i ses  two levels,  a n d  e a c h  level 's  floo r  a n d  wal ls  we re  
g r i dded  a n d  surveyed .  M e a s u r e m e n ts a l so  we re  ta k e n  a t 
floor /wal l  in tersect ions.  T h e  m e a s u r e d  va lues  fo r  e a c h  leve l  
a r e  summar i z ed  b e l o w . These  va lues  we re  in  gene ra l  a g r e e m e n t 
wi th a  p rev ious  su rvey  c o n d u c te d  by  A . H . E n v i r o n m e n t, Inc.  
(Ref. 3).  

First Leve l  

Resu l ts  o f th e  su rvey  o f th e  first leve l  o f th e  O w l R o o m  s h o w e d  
a reas  o f above -gu i de l i ne  c o n ta m i n a tio n . B e ta - g a m m a  d o s e  ra tes 
a b o v e  th e  D O E  gu ide l i ne  o f 0 .2 0  m rad /h  we re  r eco rded  a t 
loca t ions  o n  th e  first leve l  floor ,  wal ls ,  a n d  floor /wal l  
in tersect ions.  O n  th e  floor ,  b e ta - g a m m a  d o s e  ra tes r a n g e d  f rom 

0 .0 2  to  5 .5 4  m rad/h.  O n  th e  wal ls ,  th e  r a n g e  was  less  th a n  0 .0 1  
to  0 .6 5  m rad/h.  F loor /wal l  in tersect ion b e ta  g a m m a  d o s e  ra tes 
r a n g e d  f rom 0 .0 2  to  0 .7  m rad/h..  

S u r fa c e  a l p h a  c o n ta m i n a tio n  a b o v e  th e  D O E  gu ide l i ne  o f 1 0 0 0  
d p m /lO O  c m 2  was  m e a s u r e d  a t loca t ions  o n  th e  floo r  a n d  floor /  
wa l l  in tersect ions.  O n  th e  floor ,  sur face  a l p h a  c o n ta m i n a tio n  
r a n g e d  f rom 2 8  to  5 4 6 4  d p m /lO O  c m 2 ; a t floor /wal l  inter-  
sect ions,  th e  r a n g e  was  3 7  to  3 3 4 4  d p m /lO O  c m 2 . 

S m e a r  s a m p l e  resul ts  s h o w e d  t rans ferab le  a l p h a  c o n ta m i n a tio n  
a b o v e  th e  D O E  gu ide l i ne  o f 2 0 0  d p m /lO O  c m 2  a t two locat ions,  
b o th  a t floor /wal l  in tersect ions.  T h e  r a n g e  o f r ead i ngs  was  
less  th a n  2 .2  to  2 7 0  d p m /lO O  c m 2 . 

The  t ype  a n d  n u m b e r  o f m e a s u r e m e n ts m a d e  o n  th e  O w l R o o m 's first 
leve l  a n d  th e  r a n g e  o f th e  resul ts  a r e  p r e sen te d  in  Tab l e  4-8.  
T h e  loca t ions  a n d  type o f above -gu i de l i ne  c o n ta m i n a tio n  a re  
dep i c ted  in  F igu re  4-5.  
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Second Level 

,- 

The results of the survey of the second level of the Owl Room 
showed all measurements below guidelines except beta-gamma dose 
rates. Two grid areas showed measurements above the DOE 
beta-gamma dose rate guideline of 0.20 mrad/h. The range of 
levels recorded was 0.02 to 0.27 mrad/h. 

The areas exceeding the guideline are shown in Figure 4-6. 

Complete data on the survey of the second level are presented in 
Table 4-8. 

Miscellaneous Equipment 

,- 

,- 

Miscellaneous equipment stored in the Owl Room was surveyed for 
beta-gamma dose rates, direct alpna, and transferable alpha and 
beta contamination. Beta-gamma dose rates ranged from 0.01 to 
55.8 mrad/h, compared to the DOE guideline of 0.20 mrad/h. 
Surface alpha readings ranged from 0 to 10,484 dpm/lOO cm2, 
compared to the DOE guideline of 1000 dpm/lOO cm2. Measure- 
ment of all equipment presently stored in the Owl Room indicated 
either surface alpha or beta-gamma dose rates above DOE 
guidelines. In addition, transferable alpha contamination on 
the equipment was found to exceed the guideline. The equipment 
and the transferable alpha levels on each piece are detailed 
oelow: 

Government No. Equipment Description 
Alpha 

(dpm/lOO cm2) 

50266 Hacksaw - vicejaws 337 

36274 Surface grinder - trough 353 

--- Glove box - sand blaster 
Serial No. Techline A-10863 

818 

--- Glove box - inside circular 
turn table 
Serial No. Techline A-10863 

849 

51306 Lathe - exhaust duct 209 
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Two filter inlets had beta-gamma dose rates above the DOE 
guideline. Tne filter locations are indicated in Figure 4-5. 

Filter outlet measurements were below the guideline. A complete 
summary of the data from the survey of the Owl Room equipment is 
presented in Table 4-8. 

- 
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4.3.3 Building 5 

Inside Building 5, a portion of the Machine Shop floor was 
gridded and surveyed. Survey results showed beta-gamma dose 
rates and alpha surface contamination readings above guidelines 
in a small area of the room, with readings ranging from 0.01 to 
0.27 mrad/h for beta-gamma dose rates and from 0 to 1973 dpm/lOO 
cm 2 for surface alpha contamination. These readings compare to 
the DOE guidelines of 0.20 mrad/h and 1000 dpm/lOO cm2, 
respectively. The specific locations of the above-guideline 
contamination are shown in Figure 4-7. All smear samples taken 
for transferable alpha contamination were below the DOE 
guideline. Data are summarized in Table 4-8. 

The metal storage room in Building 5 was scanned, and random 
beta-gamma and alpha radiation measurements were made. As shown 
in Table 4-8, all measurements were below DOE guidelines. 

4.3.4 Building 17 

In Building 17, a partial grid was established in Room 10 and the 
area was surveyed for beta-gamma dose rates, direct alpha, and 
transferable alpha and beta contamination. One location in the 

gridded area was found to have beta-gamma dose rates above the 
DOE guideline of 0.20 mrad/h. The highest beta-gamma dose rate 
recorded was 0.21. One location exhibited surface alpha 

2 contamination above the DOE guidelines of 1000 dpm/lOO cm , 
with a maximum reading of 1139 dpm/lOO cm2. These locations 
are illustrated in Figure 4-8. 
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Smear samples showed transferable alpha contamination below the 
DOE guideline. The summary of data for Room 10 is reported in 
Table 4-8. 

Also in Building 17, Lab 8, Lab 9, a hallway passing by the two 
labs into Room 10, and an upstairs storage room (presently used 
for storage of naturally radioactive materials) were scanned 
during the survey. Random beta-gamma and surface alpha 
contamination measurements were made in the hallway and Lab 9. 
All measurements were below DOE guidelines. Data from the 
hallway and Lab 9 measurements are presented in Table 4-8. 

4.3.5 Building 19 

The radiological examination of Building 19 centered on a fume 
hood stored in the building that was found to have contamination 
on the interior surfaces. During the beginning of this survey, 
Building 19 also was used for the storage of waste materials that 
were shipped off-site before the completion of the survey. The 
building was scanned in order to ensure that leakage of waste 
from the storage barrels had not occurred. No areas of elevated 

contamination were located. 

A smear sample for transferable contamination was taken and 
results were oelow the DOE guidelines for transferable alpha. 
The smear sample data are reported in Table 4-8. 

4.3.6 Building 23 

Based on the results of the ANL survey (Ref. 11, in Building 23 
the radiological survey investigated an area in a hopper storage 
area (beneath Hopper 41, an area in a sump in the building's 
basement, and the doorway to the Old Thorium Lab. Smear samples 
taken in these areas showed transferable alpha contamination well 

belOW the DOE guideline of 200 dpm/lOO cmL. Data are reported 

in Table 4-8. 
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In addition, three trenches outside the Old Thorium Lab tiere 
investigated (see Figure 4-9). Residues (dust from floor 
sweepings) inside the trenches were sampled and analyzed for 
thorium-232, radium-226, and uranium-238. The maximum results 
were 53 pCi/g, 26 pCi/g, and 13 pCi/g, respectively. Dust 
samples were also collected from the overhead beams and vertical 
surfaces, and a sample was cornposited and analyzed. Results 
showed thorium-232 concentrations of 1.6 pCi/g, and radium-226 
concentrations of 1.8 pCi/g. Uranium-238 concentrations were 
below detectable levels. 

4.3.7 Building 25 

In Building 25 the survey investigated the second level for any 
readings above guidelines. The survey centered on three furnace 
tops (exterior surfaces), which were checked for beta-gamma dose 
rates, surface alpha contamination, and transferable alpha and 
beta contamination. As shown by the data in Table 4-8, all 
results were below DOE guidelines. Building 25 is presently used 
for storage of barrels containing wastes of naturally radioactive 
materials. 

4.3.8 Building 26 

The ANL survey (Ref. 1) had indicated two areas inside Building 
26 with readings above background. During the 1984 survey, these 
same areas were scanned for elevated readings. No contamination 
above guidelines inside Building 26 was located during the 1984 
survey. 

4.3.9 Building 27 

In Building 27, the floor of Room 102 was gridded and surveyed, 
and measurements were taken for beta-gamma dose rates, surface 
alpha contamination, and transferable alpha and beta contamina- 
tion. In some locations, beta-gamma dose rates and surface alpha 
contamination exceeded the DOE guidelines of 0.20 mrad/h and 1000 
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dpm/lO O  cmL, respective ly . Beta-gamma dose rates ranged from 
0.08 to 6.77 mrad/h, and surface alpha readings ranged from 65 to 
3881 dpm/lO O  cm2. The above-guideline locations are shown in 
F igure 4-10. Data are presented in Table 4-8. 

Smear samples  were taken from contaminated areas and analyzed for 
transferable alpha and beta contamination. All results  were 
below the DOE guideline for transferable alpha. Data are 
presented in Table 4-8. 

4.3.10 Building 28 

In Building 28, the corr idor leading into Room 15 was gridded and 
surveyed, and measurements were taken for beta-gamma dose rates 
and surface alpha contamination. The results  of the measurements 
showed one location which exhibited both beta-gamma dose rates 
and alpha contamination above the DOE guidelines , with beta-gamma 
dose rates in the location reaching 0.45 mrad/h, and alpha 
contamination readings reaching 1186 dpm/lO O  cm2. This  
location is  shown in F igure 4-11. Data from the measurements are 
presented in Table 4-8. A smear sample taken from the location 
showed transferable alpha contamination well below the DOE 
guideline. These data also are reported in Table 4-8. 

4.3.11 Building 29 

All areas of Building 29 were scanned and checked for beta-gamma 
and alpha contamination. The survey covered areas of 13 rooms, a 
hallway , rafters, filter cas ings , and the floor of the second 
leve l of the building. Only  two above-guideline readings were 
located: a s ink  drain in Room 109 with a maximum beta-gamma dose 
rate of 5.96 mrad/h; and a floor drain in Room 111 with a maximum 
beta-gamma dose rate of 0.42 mrad/h. These readings compare with 
a DOE guideline of 0.20 mrad/h. The locations of these two areas 
are shown in F igure 4-12. It is  important to note that only  the 
openings of the drains were characterized. Based on surface 
measurements at these openings, tne drainlines  contain materials  
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which are above guidelines and will require either decontamina- 
tion or removal during remedial action. 

All other beta-gamma and transferable alpha contamination results 

in Building 29 were below DOE guidelines. complete data on 
Building 29 are summarized in Table 4-8. 

4.3.12 Building 30 

Building 30 was previously surveyed in 1981 by A. H. Environment, 
Inc. (Ref. 3). BNI findings were in general agreement with the 
earlier survey. The BNI survey was focused on the Fabrication 
Room, the "Tower Base," the filtering system (outlets and 
inlets), miscellaneous equipment, and overhead beams. The floor 
and walls of the Fabrication Room were gridded and surveyed. 
Within the room, three areas were found which exceeded the DOE 
beta-gamma dose rate guideline of 0.20 mrad/h, with a maximum 
reading of 0.66 mrad/h. One area within the Fabrication Room 
exceeded the DOE guideline for surface alpha contamination (1000 
dpm/lOO cm2), with a maximum reading of 1042 dpm/lOO cm2. 
These above-guideline areas of contamination in the Fabrication 
Room are illustrated in Figure 4-13. 

Results of smears taken in the room for transferable alpha and 
beta contamination were all below guidelines. Complete data for 
the Fabrication Room, Building 30, are presented in Table 4-8. 

Results of the investigation of the filtering system showed 
several filter inlets exceeding the DOE guidelines for beta-gamma 
dose rates (0.20 mrad/h) and surface alpha contamination (1000 
dpm/lOO cm2). The beta-gamma dose rates on inlets ranged from 
0.01 to 6.41 mrad/h, with alpha surface measurements ranging from 
19 to 8984 dpm/lOO cm2. Filter inlets for which readings were 
above guidelines are shown in Figure 4-14. Filter inlets and 
outlets also were smeared for removable alpha and beta 
contamination. All smear results were below DOE guidelines. 
Complete data on the filtering system is presented in Table 4-8. 
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Two pieces  of misce llaneous  equipment in the Fabrication Room 
also exhibited beta-gamma dose rates and surface alpha 
contamination above guidelines . Beta-gamma dose rates ranged as 
high as 61.2 mrad/h, compared to the DOE guideline of 
0.20 mrad/h. Surface alpha readings ranged as high as 
39,686 dpm/lO O  cm2, compared to the 1000 dpm/lO O  cm2 
guideline. These two pieces  of equipment are a tube furnace, 
Government No. 38308, and a pump, Government No. 90423. 

All other survey results  in Building 30, from the Tower Base and 
the overhead oeams, were below guidelines . Complete data are 
presented in Table 4-8. 

4.3.13 Building 31 

In Building 31, which shares a common wall with Building 30, the 
survey concentrated on the W orkshop, where the floor, walls , 
floor/wall intersect ions , filtering s y s tem and overhead beams 
were invest igated. On the W orkshop floor, two locations revealed 
beta-gamma dose rates above the DOE guideline of 0.20 mrad/h, 
with readings ranging up to 0.34 mrad/h. These two locations are 
shown in F igure 4-13. 

Also in Building 31, one filter inlet revealed beta-gamma dose 
rates and surface alpha contamination above DOE guidelines . 
Beta-gamma dose rates ranged as high as 7.57 mrad/h, and surface 
alpha readings reached 7206 dpm/lO O  cm2. These readings 
compare with DOE guidelines  of 0.20 mrad/h and 1000 dpm/lO O  

2 cm I respective ly . 

All other measurements taken in the W orkshop were below 
guidelines . Also, the Mechanica l Test ing Lab floor and drain 
ends, ROOm 8 walls , Room 13 floors  and drain, and a hood in Room 
14 all revealed no contamination above guidelines . A summary of 
measurements and results  is  presented in Table 4-8. 
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0 

NATED AREA /J FILTER INLETS (IN RAFTERS) 
~ 

. . . . . . . . . . . . . 
::.;:..:;I.i.::;:;i.:::...:::.:.~::: 

CONTAMI 

0 
3 

METERS 

1 - ABOVE-GUIDELINE SURFACE ALPHA CONTAMINATION 

2 - ABOVE-GUIDELINE BETA-GAMMA DOSE RATES 

3 - SURFACE ALPHA-CONTAMINATION AND BETA-GAMMA DOSE RATES ABOVE GUIDELINES 

4 - ABOVE-GUIDELINE TRANSFERABLE ALPHA CONTAMINATION 

L - LOWER WALL 

U - UPPER WALL 

FW - FLOOR/WALL INTERSECTION 

FIGURE 4-5 LOCATIONS OF ABOVE-GUIDELINE CONTAMINATION, BUILDING 4, OWL ROOM, FIRST LEVEL 
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O? 
METERS 

’ 1’2’3’4’5’ 

CONTAMINATED AREA 

1 - ABOVE-GUIDELINE SURFACE ALPHA CONTAMINATION 

2 - ABOVE-GUIDELINE BETA-GAMMA DOSE RATES 

FIGURE 4-8 AREAS OF ABOVE-GUIDELINE CONTAMINATION, BUILDING 17, ROOM 10 
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FIGURE 4-11 AREA OF ABOVE-GUIDELINE CONTAMINATION, BUILDING 28 
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CONTAMINATED AREAS 

2 - ABOVE-GUIDELINE BETA-GAMMA DOSE RATES 

FIGURE 4-12 LOCATIONS OF ABOVE-GUIDELINE BETA-GAMMA CONTAMINATION, BUILDING 29 
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TABLE 4-1 

BACKGPOUND RADIATION MEASUREMENTS AND RADIONUCLIDE CONCENTRATIONS IN SOIL 

f I I i I 

Surface 
Gamma Exposure Gamma Beta-Gamma Near-Surface 

Rate at 1 m At 1 m Dose Rates Gamma Radionuclide Concentrations (pCi/q) 
Locationsa (uR/h) ( cpm) (mrad/h) (CFrn1 i-i-238 Da-226 'ih-232 

1 8.0 6203 0.03 636 b 1.0 f 0.5 1.2 + 0.4 
2 7.9 6025 0.03 568 b 1.1 2 U.8 b 
3 8.8 8060 0.02 699 b 2.7 t 0.8 b 
4 9.1 8261 Or04 773 b 0.4 + 0.6 0.4 + 0.6 
5 7.4 5224 0.03 598 b 1.2 T 0.5 IT 
6 6.1 4707 0.02 506 b iI b 

Averages 7.9 6413 0.03 630 b 1.3 2 0.6 0.8 + 0.5 

IP 
ul aBackground locations range from 500 to 3700 m from the ARC site. 

bConcentrations below the minimum detectable activity (MDA) are dependent on many variables (e.g., 
sample size, moisture content, other nuclide peaks present, etc.). Based on standard counting 
techniques, the MDA's for the ARC survey are: uranium-238, less than 1.0 pCi/g; radium-226, less than 
0.4 pCi/g;; and thorium-232, less than 0.2 pCi/g. 



TABLE 4-2 
HESIDUAL CONTAPlII\IA'I:ION GUIDE,INES AND CKITEKIA FOK FJSRAP SITXS 

Radionuclides in Soil 
an3 Sediment” tb Guidelines 

Uraniurn-238c 150 pCi/g above background 

Uranium-235c 140 pCi/g above aackground 

150 pCi/g aoove oackground 

,-.. 

Radium-226 and Thorium-232 5 pCi/g above background Xile:l 
averaged over the first 15 cm of 
soil below the surface; 15 pCi/g 
aoove background wnen averaged 
over 15-cm thick soil layers 
more than 15 cm below the 
surface 

Radionuclides in Water Criteria 

Total Uranium 600 pCi/l 

Radium-226 30 pCi/l 

Thorium-232 2000 pCi/l 

aExcept for radium-226, these guidelines represent unrestricted- 
use concentrations above background, averaged across any 15-en 
laytr to any depth and over any contiguous loo-m2 surface area. 
Tne same conditions prevail for radium-226. Beneath 1.5 m, the 
allowable radium-226 concentration may be affected by site-specific 
conditions and must oe evaluated accordingly. 

bLocalized concentrations in excess of these limits are allo-daole 
provided that the average over 100 m2 is not exceeded. 

CAssumes that no other uranium isotopes are present. 

Source: ~02 (Rsfs. 5 and 6) 
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TABLE 4-3 

ALBANY RESEARCH CENTER: PRE-REMEDIAL ACTION SUMMARY 

OF OilTDOOR MEASUREMENT RESULTS 

Measurement 
TYpea 

Number of Normal 
Measurements Background 

Units Made Range (BKG)~ 

Near-Surface Gamma w 8000 524 - 68,942 630 
Gamma at 1 m cpm 200 5,524 - 21,O24(c) 6,413 
Beta-Gamma Dose Rates mrad/h 8000 BKG - 1.9 0.03 
Gamma Exposure Rates W/!-l 15 7.8 - 17.0 7.9 

aNear-surface and l-m gamma measurements were made with a SPA-3 coupled 
with a PRS-1. Beta-gamma dose rates were measured with an HP-210 and 
PRS-1. Gamma exposure rates were measured with a PIC. 

bBackground measured during 1984 survey. 

CThese count rates correspond to the equivalent gamma exposure rate of 5.8 
to 22.2 uR/h. 
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TABLE 4-4 

ALBANY RESEARCH CEi\lTER: GAMMA SPECTROMtirKY 
AHALYSIS OF SURFACE SOIL SAMPLESa 

Page 1 of 6 
Sampling Radionuclide Concentrations 
Location Depth (iJCi/g +/- 2 Sigma) 

'Grid E &Grid N (inches) Uraniu:n-238 Radius-226 Thariu:n-232 

- 

0 270 O-6 
311 45 O-6 
30 105 O-6 
45 15 O-6 
60 75 O-6 
63 135 O-6 
60 210 O-6 
60 225 O-6 
60 240 O-6 
GO 255 O-6 
60 270 O-6 
GO 285 O-6 
60 300 O-6 
60 315 O-6 
60 330 O-6 
69 302 O-6 
69 302 OC 
75 210 O-6 
75 225 O-6 
75 240 O-6 
75 255 O-6 
75 285 O-6 
75 292 O-6 
75 292 OC 
75 300 O-6 
75 330 O-6 
75 351 O-6 
90 105 O-6 
90 210 O-6 
90 225 O-6 
90 255 O-6 
90 270 O-6 
90 285 O-6 
9cl 3ao O-6 
92 290 O-6 
92 2 90 OC 
93 295 O-6 
93 295 OC 
95 295 O-6 
95 297 O-6 
97 295 O-G 

100 297 O-6 
105 45 O-6 

6.3 "+ 2.6 
5 
b 
5 
b 

D 

r: 

D 

b 

0 

0 

b 

D 

5 

3 

b 
b 

b 

2.5 + 1.5 
b 
b 
b 
D 
b 
b 
b 
b 

12.2 + 7.3 
5 
b 
0 
b 
0 
b 
3 

52 

1.8 + 0.5 
1.2 T 0.2 
1.0 7 0.2 
1.1 T 0.2 
1.3 T 0.5 

10.0 T 2.1 
2.0 T 0.4 
2.6 T 0.5 
1.4 T 0.2 
2.0 T 0.4 
1.6 7 0.8 
1.2 T 0.4 
0.9 T 0.5 
0.8 7: 0.2 
0.8 + 0.3 
3.6 7 1.3 
2.3 T 0.3 
1.2 -? 0.4 
0.8 T 0.6 
0.7 T 0.3 
2.0 T 0.4 
1.6 T 0.4 
1.0 T 0.7 
1.1 5 0.7 
0.8 7 0.4 
1.0 T 0.2 
1.1 -i 0.2 
1.1 T 0.3 
0.7 T 0.2 
2.0 T 0.4 
1.6 -T 0.4 
2.0 T 0.5 
2.4 T 0.5 
0.8 + 0.4 
1.2 T 0.6 
1.2 -i 0.6 
1.7 T 1.2 
1.6 ‘T 0.6 
1.0 + 0.2 
0.9 T 0.3 
1.0 gr 0.2 
0.9 T 0.3 
1.0 + 0.3 - 

0.4 + 0.9 
0.7 T 0.2 

5 
0.8 + 0.2 
1.4 T 0.4 
1.6 T 1.5 
1.0 T 0.1 

5 
b 

1.4 + 0.4 
1.2 T 0.2 
0.6 + 0.2 
1.0 z 0.3 

3 
b 

84.8 + 2.7 
5.1 7 0.8 
1.4 T 0.2 

r; 
0.9 + 0.4 
0.8 T 0.4 
1.0 'T 0.2 
1.8 7 0.6 

r, 
1.0 + 0.2 
1.3 T 0.2 
0.6 + 0.2 
0.5 T 0.2 
0.3 T 0.1 
0.4 -? 0.2 
0.8 T 0.2 
0.6 T 0.2 

55 
1.4 + 0.2 
8.9 T 1.3 

11.4 T 1.3 
10.7 T 1.4 

1.0 T 0.5 
0.5 T 0.2 
1.9 T 0.3 
1.1 T 0.2 
3.8 'T 0.4 
0.4 5 0.2 



I. 

TABLE 4-4 
(continued) 

Page 2 of G  
Sampling Radionuclide Concentrations 
Location Depth (&i/g +/- 2 Sigma) 

Gr id E Srid N (inches j Uranium-238 Radium-226 Thorium-232 

103 195 O-6 
135 2 1 II O-6 
105 255 O-6 
135 2711 O-6 
105 282 O-6 
135 28s O-6 
105 300 O-6 
135 420 O-6 
105 435 O-6 
135 450 O-6 
105 465 O-6 
13 6 205 O-5 
107 285 O-6 
110 282 O-6 
110 287 O-6 
113 184 O-6 
115 447 O-6 
117 425 O-6 
117 427 O-6 
117 430 O-6 
117 432 O-6 
117 435 O-6 
117 437 O-6 
117 440 O-6 
117 442 O-6 
117 445 O-6 
117 4 4 '7 O-6 
120 30 O-6 
120 195 O-6 
120 2 10 O-6 
120 255 O-6 
120 270 O-6 
120 285 O-6 
120 300 O-5 
120 427 O-6 
120 430 O-6 
120 432 O-6 
120 435 O-6 
120 437 O-6 
120 440 O-6 
120 442 O-6 
120 450 O-6 
120 465 O-6 
120 480 O-6 

11.5 +" 3.8 
5 
b 
I3 

t: 
D 

b” 
b 
b 
b 
b 

b 
D 
b 
b 

21.1 7 8.6 
4.6 T  4.1 

75 

2.5 9 1.4 
13 
D 
b 
b 

5.4 +"  4.0 
5 
0 
b 

13.0 + 5.5 
5 
b 
3 
b 

b 

53 

1.0 + 0.3 
1.0 T  0.3 
1.6 T  0.4 
2.0 T  0.8 

u 
2.3 + 0.5 
1.1 T  0.3 
0.7 T  0.3 
0.8 7 0.4 
0.6 + 0.2 
0.8 T  0.3 
0.8 T  0.2 
1.0 T  0.2 
1.3 T  0.5 
2.0 T  0.6 
1.2 7 0.2 

5 
2.0 + 0.3 
0.7 T  0.3 

'i; 
1.3 + 0.4 

75 
1.9 + 0.5 

75 
0.9 + 0.7 
0.7 T  0.4 
1.2 T  0.3 
0.5 T  0.2 
0.5 T  0.3 
2.1 T  0.5 
2.0 T  0.8 
1.0 T  0.3 
2.0 7 0.8 
1.6 T  0.8 

5 
b 

1.9 + 0.5 
5 

1.1 + 0.6 
T5 

1.2 + 0.4 
2.0 + 0.8 
0.4 T  0.2 
0.5 - 0.1 

0.4 + 0.1 
2.0 T  0.4 
0.8 -7 0.2 

30.1 T  1.2 
2.7 + 0.7 
3.9 T  0.7 
0.6 T  0.3 
1.0 T  g.2 

7 
0.5 + 3.2 
0.3 ? 0.2 
1.3 T  9.3 
1.2 T  0.3 

14.2 + 1.0 
0.6 T  0.2 

23.4 + 1.4 
2.0 7 0.6 
6.3 T  3.7 
6.3 T  0.7 
8.4 7 0.8 
7.0 + 0.8 

12.6 + 0.8 
62.3 7 1.8 
59.8 + 1.6 
16.7 7 0.8 

3.8 7 0.4 

Oa2 : Oo3 
5 

1.2 t 0.2 
t, 

1.4 t 0.4 
0.8 T  0.2 

10.9 T  0.8 
8.7 T  0.8 

10.7 T  0.9 
15.0 T 1.2 
20.6 + 1.3 

2.8 7 0.4 
2.6.T Il.4 

28.0 T  2.0 
r, 
3 
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TAI~LE 4-4 
(continued) 

Page 3 of 6 
Sampling Radionuclide Concentrations 
Location Depth (pCi/g t/- 2 Sigma) 

(Grid E  r;rid N (inches) Uranium -238 Radium-226 Thorium -232 

135 105 
135 165 
135 180 
135 195 
135 210 
135 225 
135 465 
135 480 
150 45 
150 165 
150 180 
150 195 
150 210 
150 225 
150 465 
150 480 
162 395 
165 15 
165 165 
165 180 
165 195 
165 210 
165 225 
173 442 
180 75 
130 165 
180 180 
1 ,3 0 195 
180 210 
130 222 
180 225 
132 220 
182 222 
135 217 
185 220 
192 212 
195 45 
135 165 
195 180 
135 195 
195 210 
135 225 
200 190 
200 197 
200 205 

O-6 
O-6 
O-6 
a-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 

iI"6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-5 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 

2.1 + 1.3 
E  
b 
D 
0 
b 
b 
b 

1.3 t 1.6 
6 
0 
b 
b 
b 

b 
D 
b 
b 

b 
b 
b 
b 
D 
D 
13 
b 
L) 
b 
b 

37.5 t 9.3 
19.5 -i 8.2 
10.0 ?r 2.0 
14.0 T  4.0 

b 
6.9 + 6.1 

5 
b 
13 
0 
b 
b 

3.3 +" 3.4 
i5 
b 

54 

1.0 t 0.3 
1.2 7 0.8 
0.7 T  0.2 
0.8 T  0.3 
1.8 T  0.7 
1.2 T  0.4 
1.4 7 0.2 

5; 
0.6 + 0.2 
1.6 + 0.4 
1.2 7 0.8 
1.0 T  0.3 
1.6 T  0.6 
1.6 T  0.4 
0.5 T  0.2 
0.4 T  0.3 

55 
2.1 + 0.5 
2.6 7 0.5 
1.6 7 0.8 
0.8 T  0.2 
0.9 T  0.5 
1.3 + 0.6 
2.4 T  0.6 
1.8 T  0.6 
1.6 T  0.4 
1.2 T  0.8 
1.2 T  0.8 
2.3 T  0.7 

50.5 T  2.2 
32.2 T  1.8 
48.0 T  4.0 
56.0 T  4.0 

4.0 -i 0.8 
20.3 + 1.4 
20.0 7 2.0 

1.1 + 0.2 
1.6 T  0.8 
1.2 Tr 0.8 
1.2 T  0.3 

12.0 + 2.0 
3.7 T  0.7 

14.1 7 0.8 
5.2 T  0.8 
3.3 + 0.4 

0.8 t 0.2 
0.6 + 0.2 

-5 

1.0 +" 0.5 
0.8 T  0.2 

5 
0.6 t 0.2 
0.4 T  8.3 
0.8 + 0.2 
1.0 + 0.2 
0.4 7 0.2 
0.8 + 0.5 
0.8 T  0.2 

iT 
b 

30.7 t 1.3 
0.8 7 0.5 
0.4 T  0.4 
1.0 T  0.2 

n 

b" 
10.0 + 1.0 

1.4 + 0.6 
1.4 + 0.2 
0.4 T  0.2 
1.0 T  0.4 
1.1 T  II.6 

0 
1.8 t 0.6 
0.8 T  0.4 
1.0 + 0.4 
2.0 T  0.4 
1.3 T  0.4 
i.6 T  0.4 
0.6 T  0.2 
1.0 + 0.2 
1.4 T  0.4 
0.9 T  0.3 
1.2 T  0.4 
1.5 T  0.5 
1.0 T  0.3 
1.0 T  0.4 
1.5 + 0.2 - 



!!.V3LE 4-4 
(continued) 

- Page 4 of 6 
Sampling Hadionuclide Concentrations 

1- 

Location Depth (sCi/g +/- 2 Sigma) 
Grid E S r id I (inches) Uranium-238 Xadium-226 Thoriti‘m-232 

.- 

-,, 

202 177 O-6 
202 187 O-6 
202 190 O-6 
202 192 O-6 
202 195 O-6 
202 200 O-6 
202 202 O-6 
202 20? O-6 
205 1 8 7 O-6 
205 190 O-6 
205 192 O-6 
205 195 O-6 
203 197 O-6 
205 200 O-6 
206 475 O-6 
207 187 O-6 
210 105 O-6 
210 165 O-6 
210 180 O-6 
210 187 O-6 
210 195 O-6 
210 210 O-6 
210 225 O-6 
213 300 O-6 
210 284 2-6 
211 475 O-6 
215 182 O-6 
217 182 O-6 
225 45 O-6 
225 165 O-6 
225 180 O-6 
225 182 O-6 
225 1 9 !j O-6 
225 2 0 II O-6 
225 2 10 O-6 
225 225 O-6 
225 3 0 (3 O-6 
227 1 9 II O-6 
233 185 O-G 
230 257 O-6 
232 185 O-6 
235 185 O-6 
236 495 O-6 
236 505 O-6 
240 105 O-6 

11.0 + 3.0 
14.0 T 4.0 
13.0 T 4.0 
13.0 T 4.0 

5 
b 
b 
b 
b 

9.0 : 3.0 
6 
5 
b 

4.9 ': 4 1 
2.0 T 1:1 

6 
b 
b 
b 

D 

b 
b 

20.6 "+ 4.8 
E 
b 
b 
D 
b 
D 
0 
D 

9.2 "+ 4.8 
D 
D 
b 
b 

0 

0 

b 
b 
b 

55 

56.0 + 4.0 
48.0 T 4.0 
68.0 7 8.0 
52.0 + 4.0 
32.0 -i 2.0 

8.0 T 2.0 
10.3 T 3.7 

1.8 T 0.3 
28.0 T 2.0 
34.0 T 2.0 
38.0 7 2.0 

4.8 T 0.5 
1.6 7 0.3 

28.0 + 2.0 
is 

29.5 + 1.1 
0.5 T 0.3 
2.0 T 0.4 
1.1 T 0.2 

22.0 T 2.0 
7.1 T 0.5 
7.2 T 0.9 
3.6 -i 0.8 
1.0 ? 0.5 
1.3 + 0.4 
0.6 ?: 0.5 
2.0 T 0.8 
8.0 T 2.0 
1.2 T 0.4 
0.6 T 0.4 

5 
1.0 + 0.3 
1.0 T 0.4 
1.6 T 0.4 
2.4 T 0.8 
5.1 -7 1.0 
1.3 T 0.5 
2.8 T 0.6 
2.7 + 0.7 
5.4 T 1.4 
2.0 7 0.8 
6.8 7 1.2 
0.4 -r 0.2 
0.9 ‘r 0.2 
1.1 T 0.3 - 

1.4 + 0.4 
-6 
b 
0 

2.0 Y 0.4 
E 

1.7 + 0.3 
2.6 -i 0.4 
0.6 T 0.4 
3.0 z 0.6 

0.4 Y 0.3 
0.8 7 0.4 
1.6 7 0.3 

Td 
0.8 + 0.2 
0.8 T 0.2 
0.6 7 0.2 
1.2 T 0.4 
1.1 T 0.3 
3.0 T 0.5 
3.0 T 0.4 
1.5 T 0.4 
0.3 T 0.2 

10.0 T 0.9 
4.0 T 0.4 

20.0 T 2.0 
0.6 + 0.4 
0.5 T 0.1 
5.2 + 0.6 
1.3 T 0.3 

D 
2.2 + 0.4 
2.8 7 0.4 
4.9 T 0.8 
1.5 T 0.5 

5 
5.1 + 0.8 

71.3 T 3.3 
3.6 T 0.6 

22.0 T 2.0 
1.0 T 0.2 
0.6 -? 0.2 
0.6 -i 0.2 - 



TAaLE: 4-4 
(continued) 

Page 5 of 6 
- 

Sampling Radionuclide Concentrations 
Location Deptn (pCi/g +/- 2 Sigma) 

Srid E Srid N (inches) Uranium-238 Radium-226 Thtirium-232 

._c 240 
240 
240 
240 
240 
240 
240 
240 
242 
242 
245 
245 
245 
245 
245 
247 
247 
247 
247 
250 
250 
250 
250 
250 

,- 252 
252 
252 
252 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 
257 
257 
260 

C 

,- 

240 165 O-G 0 

130 O-6 3 

135 O-6 0 

21il O-6 D 

225 O-G b 

240 O-6 b 

255 O-6 b 
2 7 (1 O-6 b 
300 3-6 13 
307 O-6 3 
310 O-6 0 
305 O-6 b 
307 O-6 b 
31ll O-6 b 
480 O-6 b 
482 O-6 b 
302 O-6 b 
305 O-6 b 
307 O-6 b 
310 O-6 b 
290 O-6 b 

292 O-6 b 

305 O-6 D 

307 O-6 3 

310 O-6 D 

307 O-6 b 

295 O-6 D 

305 O-6 b 
310 O-6 b 
165 O-6 b 
180 O-6 b 
195 O-6 b 
210 O-6 D 
255 O-6 b 
270 O-6 b 
285 O-6 3 
300 O-6 b 
305 O-6 D 
307 O-6 b 
310 O-6 b 
480 O-6 0 
495 O-6 b 
305 O-6 b 
350 O-6 3 
350 O-6 D 

56 

1.2 + 0.4 
1.6 ? 0.4 
1.6 T 0.3 
1.7 + 0.6 
5.6 + 0.8 
0.5 T 0.3 
2.6 T 0.5 
1.7 T 0.7 
1.9 T 0.5 
2.0 T 0.8 
0.8 T 0.2 
1.2 T 0.2 
1.6 T 0.4 
1.2 T 0.4 
0.6 T 0.3 
1.3 T 0.4 
2.8 7 0.4 
1.6 T 0.8 
1.1 T 0.2 
1.4 T 0.2 
3.0 T 0.8 
3.3 T 0.7 
1.6 T 0.8 
0.9 ‘r 0.2 
1.6 7 0.8 
1.1 T 0.2 
2.4 + 0.8 

T;i 
b 

2.0 + 0.8 
1.2 T 0.4 
0.8 T 0.3 
1.2 T 0.4 
1.2 T 0.4 
1.6 7 0.4 
2.8 + 0.8 
2.8 + 0.8 
2.4 T 0.8 
1.2 T 0.4 
5.5 T 0.5 
0.9 T 0.2 
0.9 T 0.2 
2.4 + 0.8 
1.1 T 0.3 
1.6 + 0.8 - 

0.8 + 0.2 
1.0 T 0.2 
2.1 T 0.3 
1.4 7 0.4 
3.0 T 0.7 7 

1.8 +" 0.6 7 
0.8 : 0.3 
1.4 ? 0.4 
1.2 T 0.2 
1.2 T 0.3 
1.2 T 0.4 
1.4 T 0.2 
2.7 T 0.4 
1.3 T 0.3 
3.0 T 0.4 
1.4 T 0.4 
0.6 T 0.2 
0.7 T 0.2 
4.1 T 1.0 
2.2 T 1.5 
1.4 T 0.2 
0.6 7 0.1 
1.6 + 0.4 
0.5 T 0.2 
4.6 + 0.6 
1.6 + 0.3 
1.2 T cl.4 
1.8 T 0.4 
0.4 T 0.2 

:, 
1.0 + 0.2 
1.0 T 0.2 
0.8 T 0.2 
0.G T 0.2 
2.6 T 0.4 
2.8 T 0.4 
2.4 + 0.4 
0.3 T 0.2 
0.2 T 0.2 
0.2 T 0.1 
2.2 T 0.4 
3.3 T 0.4 
1.4 T 0.4 - 
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T A B L E  4 -4  
(con t inued)  

P a q e  6  o f 6  
S a m p l i n g  Rad ionuc l i de  C o n c e n trat ions 
L o c a tio n  D e p tn  (pCi /g  + /- 2  S i gma)  

G r id E  G r id  IJ ( inches)  U ran i um-238  R a d i u m - 2 2 6  Tho r i um-232  

2 6 0  3 6 5  O -6  
2 6 0  5 1 2  O -6  
2 6 2  3 0 7  O - G  
2 6 2  3 5 2  O - G  
2 6 2  5 1 2  O -6  
2 6 5  5 i 2  O - G  
2 6 7  5 1 2  O -6  
2 7 0  2 2 5  O -6  
2 7 0  2 7 0  O -6  
2 7 0  3 0 0  O -6  
2 7 0  3 4 5  a -6  
2 7 0  3 9 0  O -6  
2 7 0  5 1 0  O -6  
2 7 0  5 1 2  O -6  
2 7 2  5 1 2  O -6  
2 7 5  5 1 2  O -6  
2 8 0  5 3 2  O -6  
2 8 0  5 3 5  O -6  
2 8 0  5 3 7  O -6  
2 8 2  5 2 7  O -6  
2 8 2  5 3 0  O -6  
2 8 2  5 3 2  O -6  
2 8 2  5 3 5  O -6  
2 8 5  3 0 0  O -6  
2 8 5  3 9 0  O -6  
2 8 5  5 1 0  O -6  
2 8 5  5 2 5  O -6  
2 8 5  5 4 0  O -6  
3 0 0  5 2 5  O -6  
3 0 0  5 4 0  O -6  
3 1 2  4 8 2  O -6  

3  

b  
b  
b  

5 .1  +  4 .3  
7  R  
0  
D  

3 .6  i: 1 .7  
‘i; 
b  
b  
b  

b” 

b  
b  
b  
b  
b  

b  
b  
b  
b  
R  
kJ 
b  
b  
b  
b  

1 .2  +  0 .3  
0 .4  T  0 .3  
0 .4  7  0 .2  
0 .8  T  0 .3  

-6  
b  
b  

1 .0  +  0 .4  
2 .0  T  0 .8  
2 .8  +  3 .3  7  
1 .3  + "  0 .3  
0 .5  3  0 .2  

b  
0 .6  +  0 .2  

E  
b  

0 .8  f: 0  3  
0 .7  T  0 :3  

i5  
b  

0 .5  +  0 .3  
2 .2  ? -  0 .4  
1 .2  T  0 .3  
1 .2  T  0 .3  

7 5  
1 .1  +  0 .2  
1 .6  +  0 .4  
1 .1  T  0 .3  
0 .4  5  0 .3  

1.7  +  0 .3  
5 .6  7  9 .6  
1 .5  T  0 .3  
3 .7  T  1 3 .4  

1 7 .7  T  0 .9  
1 3 .3  T  0 .s 
1 8 .5  T  1 .0  

0 .6  T  0 .3  
0 .8  7  0 .2  
0 .6  7  0 .2  
0 .5  T  0 .2  

5  
1 .5  +  0 .3  

4 1 .9  T  1 .5  
4 .3  T  0 .4  

1 2 .3  T  0 .6  
1 2 .4  T  1 .1  
1 0 .2  T  0 .6  

5 .7  T  0 .6  
7 .0  T  0 .6  
3 .7  T  0 .5  
6 .1  7  0 .5  
3 .4  T  0 .5  

E  
0 .3  +  0 .4  
0 .6  7  0 .3  
1 .0  T  0 .3  

5 5  
0 .6  +  0 .2  

n  
1 .2  +  0 .3  - 

a S a m p l i n g  loca t ions  a re  s h o w n  in  F igu re  3-4.  

" C o n c e n trat ions o e l o d  th e  m i n i m u m  d e tec tab le  activity ( M D A )  a re  
d e p e n d e n t o n  m a n y  va r iab les  (e.g., s a m p l e  size, mo is tu re  c o n te n t, 
o the r  nuc l i de  peaks  p r e sen t, e tc.). B a s e d  o n  s tanda rd  c o u n tin g  
te chn i ques , th e  M D A 's are:  u r a n i u m - 2 3 8 , less  th a n  1 .0  pCi/g;  
rad ium-226 ,  less th a n  0 .4  pCi/g;  a n d  tno r i um-232 , less  th a n  0 .2  pCi/g.  

C S a m p l e s  *de re  ta k e n  f rom th e  spo i ls  su r r ound i ng  a  bo r eho l e . 

5 7  



* , -  

.-  

-  

_ I . .  

.-  

-  

. L  

1 -a .  

.-  

I c  

T A t3 L E  4 -5  

I A L B A N Y  R E S E A R C H  C E N T E R : G A M M A  S P E C T R O M E T R Y  
A N A L Y S IS  O F  S U B S U R F A C E  S O IL  S A M P L E S a  

P a g e  1  o f 2  
S a m p l i n g  Rad ionuc l i de  C o n c e n trat ions 
L o c a tio n  D e p tn  (pCi /g  + /- 2  S i gma)  

G r id E  G r id N  ( inches)  U ran i um-238  R a d i u m - 2 2 6  Tho r i um-232  

1 1 5  4 5 0  o -4  
1 1 5  4 5 0  4 -8  
1 1 5  4 5 0  8 - 12  
1 1 5  4 5 0  12 - 16  
1 1 5  4 5 0  16 - 20  
1 1 7  4 4 0  o -4  
1 1 7  4 4 0  4 -8  
1 1 7  4 4 1 3  8 - 12  
1 1 7  4 4 0  12 - 16  
1 1 7  44i l  1 6 - 20  
1 6 2  3 9 5  o -4  
1 6 2  3 9 5  4 -8  
1 6 2  3 9 5  8 - 12  
i62  3 9 5  12 - 16  
1 6 2  3 9 5  16 - 20  
1 9 0  2 5 7  o -4  
1 9 0  2 5 7  4 -8  
1 9 3  2 5 7  8 - 12  
1 9 0  2 5 7  12 - 16  
1 9 0  2 5 7  16 - 20  
1 9 0  2 5 7  20 - 24  
1 9 0  2 5 7  24 - 28  
1 9 5  2 1 0  o -4  
1 9 5  2  1  I3 4 -8  
1 9 5  2 1 0  8 - 12  
1 9 5  2 1 0  12 - 16  
1 9 5  2 1 0  16 - 20  
1 9 5  2 1 0  20 - 23  
1 9 5  2 5 6  o -4  
1 9 5  2 5 6  4 -6  
2 1 0  3 0 0  o -4  
2 1 0  3 0 0  4 -8  
2 1 0  3 0 0  8 - 12  
2 1 0  3 0 0  12 - 16  
2 1 0  3 0 0  16 - 20  
2 1 0  3 0 0  20 - 24  
2 1 0  3 0 9  24 - 26  
2 2 5  1 8 0  o -4  
2 2 5  1 8 0  4 - a  
2 2 5  1 8 0  8 - 12  
2 2 5  1 8 0  12 - 16  
2 2 5  1 8 0  16 -20  
2 2 9  3 5 7  o -4  

D  
b  
b  
D  
b  

5  
b  
b  
b  
b  

b  
D  
D  
t3 
b  
b  

5 .6  +  3 .9  
6  
D  

1 .6  : 3 .4  
5; 
D  
b  
D  
b  
b  

: 
b  
b  
D  
b  
b  
a  
1 3  
R  
b  
b  

34 .8  i: 1 4  7  
7 .2  7  6.;) 

s 

5 8  

3 .3  •t 1 .8  
2 .7  T  0 .9  
2 .4  7  0 .6  
1 .5  T  0 .4  
2 .1  T  0 .4  

E  
1 .5  +  0 .7  
1 .3  7  0 .6  
1 .5  T  0 .5  
2 .4  +  0 .6  
4 .7  T  1 .5  
1 .5  T  0 .5  
0 .9  T  0 .3  
1 .3  T  0 .5  
0 .6  7  0 .4  

143 .6  T  4 .2  
3 .4  T  0 .7  
3 .2  +  0 .5  
2 .3  T  0 .6  
2 .4  7  0 .7  
1 .5  T  0 .4  
1 .6  T  0 .5  

34 .8  T  2 .1  
13 .3  T  1 .2  

1 .1  T  0 .3  
1 .2  T  0 .5  
1 .7  +  0 .6  
0 .8  T  0 .5  
2 .2  T  0 .5  

5 5  
2 .6  +  0 .5  
0 .9  T  0 .G  
3.4  +  0 .6  
4 .2  7  0 .7  
1 .0  T  0 .4  
2 .1  T  0 .4  
2 .0  T  0 .4  
4 .2  7  0 .6  
1 .5  T  0 .5  
2 .1  T  0 .5  

82 .3  T  3 .0  
2 .9  T  0 .7  
1 .5  T  2 .0  - 

75 .3  +  3 .0  
1 4 .9  T  1 .3  

4.7  7  0 .7  
1 .4  T  0 .4  
0 .4  T  0 .5  

232 .1  7  5 .6  
8 .5  T  0 .9  
1 .9  T  0 .4  
1 .0  +  0 .s 
1 .0  T  0 .3  

46 .3  7  2 .5  
1 .8  'T 0 .4  
0 .6  7  0 .4  
1 .0  T  0 .4  

E  

0 .6  + "  0  4  
0 .4  T  0 :2  
0 .6  T  0 .4  
1 .2  T  0 .5  
0 .5  T  0 .2  
0 .9  T  0 .4  

5" ;  
7 .9  +  1 .1  
0 .7  T  0 .3  
0 .9  T  0 .7  

u  
3  

3 .8  + "  1 .3  
1 .1  +  0 .4  
1 .2  +  0 .7  
3.8  7  0 .7  
2 .8  -i 0 .8  
0 .9  T  0 .3  
0 .6  T  0 .2  
1 .0  T  0 .5  
2.2  T  0 .5  
2 .3  7  0 .6  
1 .9  T  0 .4  

82 .0  T  3 .0  
u  

74 .0  +  3 .2  - 
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T A B L E  4 -5  
(con t inued)  

p a g e  2  o f 2  
S a m p l i n g  Rad ionuc l i de  C o n c e n trat ions 
L o c a tio n  D e p th  

IG r ld  E  S rid N  
(GCi /g  + /- 2  S i gma)  

( incnes)  U ran i um-238  R a d i u m - 2 2 6  Tho r i um-232  

2 2 9  3 5 7  4 -8  
2 2 9  3 5 7  8 - 12  
2 2 9  3 5 7  12 - 16  
2 2 9  3 5 7  16 - 20  
2 2 9  3 5 7  20 - 24  
2 5 9  3 5 2  o -4  
2 5 9  3 5 2  4 -8  
2 5 9  3 5 2  8 - 12  
2 6 7  5 1 2  o -4  
2 6 7  5 1 2  4 -8  
2 6 7  5 1 2  8 - 12  
2 6 7  5 1 2  12 - 16  
2 6 7  5 1 2  16 - 20  
2 8 0  5 3 2  o -4  
2 8 0  5 3 2  4 -8  
2 8 0  5 3 2  8 - 12  
2 8 0  5 3 2  12 - 16  
2 8 0  5 3 2  16 - 20  
2 8 0  5 3 2  20 - 24  

D  

b  
b  

5 .9  : 5 .9  
7  

5.4  + "  4 .1  
' i5 

15 .6  +  12 .7  
s 

5 .9  ': 3 .4  
5  
5  
r) 
D  
D  
b  
b  

6 .9  +  0 .9  1 .4  +  0 .4  
1 .6  T  0 .5  1 .5  T  0 .4  
1 .4  +  0 .5  0.7  T  0 .2  
1 .2  -T 0 .4  1.8  T  0 .4  
2 .2  T 1 .0  is 
1 .7  T  2 .2  229 .2  +  5 .0  
1 .4  T  0 .5  3 .4  T  0 .8  
1 .3  T  0 .4  = , 
2 .7  T  1 .2  38 .6  +  2 .2  
1 .4  7  0 .6  2 .9  T  0 .6  
1 .8  T  0 .4  1 .6  +  0 .6  
1 .8  T  0 .5  1 .7  T  0 .5  
1 .2  T  0 .4  1 .4  T  0 .4  

"; 16 .3  T  1 .4  
b  75 .8  T  2 .9  

0 .8  +  0 .3  0 .9  T  0 .4  
1 .0  T  0 .5  ' i5 
0 .5  ‘i 0 .4  0 .7  +  0 .4  
1 .6  T  0 .4  1 .0  +  0 .4  - - 

a S a m p l i n g  loca t ions  a re  s h o w n  in  F igu re  3-4.  

*Concen trat ions b e l o w  th e  m i n i m u m  d e tec tab le  activity ( M D A )  a re  
d e p e n d e n t o n  m a n y  va r iab les  (e.g., s a m p l e  size, mo is tu re  c o n te n t, 
o the r  nuc l i de  peaks  p r e sen t, e tc.). B a s e d  o n  s tanda rd  c o u n tin g  
tecnn iyues ,  tn e  M D A 's are:  u r a n i u m - 2 3 8 , 
r ad i um-226 , 

less  th a n  1 .0  pCi/g;  
less  th a n  0 .4  pCi/g;  a n d  tho r i um-232 , less  th a n  0 .2  pCl/g.  
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TABLE 4-6 

ALBANY RESEARCH CENTER: GAMMA SPECTROMETRY ANALYSIS c)F SEDIMENT SAMPLESa 

Sampl ing 
Locat ion 

Radionuclide Concentrations 
Depth (pCi/g +/- 2 Sigma) 

(inches) Urani urn-238 Rad i urn-226 Thor i urn-232 Comments 

Grid E Grid N -- 

42 218 
124 407 
127 426 
156 293 
157 304 
I60 305 
185.5 167.5 
215 290 

3ldg. I7 Sumps 

Off-Site 

O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
O-6 
3-6 

b 
789.5 + 37.6 

9.2 - 8.5 

b 9.0 I.0 

1.3 + 0.8 
3.8 - I .5 

44.7 2.1 
2.2 0.7 
3.1 0.8 
2.0 0.5 
2.6 0.6 
1.3 0.6 

33.9 2.4 
5.0 I.0 
1.3 0.7 
I.0 0.4 

1.5 0.7 

0.8 0.2 Composite sample of three sumps 

I.1 + 0.9 b 
b b 

2.1 + 1.4 2.9 + I.0 
2.4 7 0.7 3.3 7 0.8 
I .3 T 0.4 I.1 TO.8 

i- 2.9 7 0.9 
0.9 + 0.5 b 
I .4 + 0.4 1.2 + 0.7 
I .4 T 0.4 0.4 5 0. I - - 

Inside the drain 
Sump S. of 8ldg. 4 
Acid rinse drain N. of Bldg. 4 
West valve box N. of Bldg. 34 
Valve box south of Bldg. I7 
Valve box south of Bldg. I7 
Inside mai? trunk line drain pipe 

Man hole north of Bldg. 35 

Ditch east of Broadway 
Ditch east of Broadway 
Ditch east of Broadway 
Ditch east of Broadday 
Ditch east of Broadday 
Ditch east of Broadday 
Ditch east of Broadway 
Morgan pasture 
Queen Avenue outfa I I 

aSampIing locations are shown in Figure 3-8. 

bConcentrations below the minimum detectable activity (MDA) are dependent on many variables (e.g., sample 
size, moisture content, other nuclide peaks present, etc.). Based on standard counting techniques, the MDA’s 
are : uranium-238, less than I.0 pCi/g; raditim-226, less than 0.4 pCi/g; and thorium-232, less than 0.2 psi/g, 
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TABLE 4-7 

ALBANY RESEARCH CENTLR: SUMMARY OF PRE-REMEDIAL ACTION 

WATER SAMPLE ANALYSIS RESULTSa 

Sample Location 
and 

Sample Type Analysis 

No. of Concentration 
Samp I es Range Average Criterion 
Analyzed (pCi/l) (pCi/l) (pCi/l) 

On-Site Surface Water 

Swamp West of Bldg. 34 

Ditch South of 
Waste Dump Area 

*- 

_- 
On-Site Subsurface 
Water (Boreho I e) 

On-Site Subsurface 
Water, Tile Drain Area 

Suspended Th-232 I4 <0.3 - 22.0 4.5 
Dissolved Th-232 I5 co.1 - I.5 0.3 
Suspended Ra-226 I5 co. I - 19.0 I.8 
Dissolved Ra-226 I5 <o. I - 0.4 co. I 
Suspended Total U I5 Cl.5 - 66.1 6.2 
Dissolved Total U I5 Cl.5 - 33.0 3.8 

Suspended Th-232 
Dissolved Th-232 
Suspended Ra-226 
Dissolved Ra-226 
Suspended Total U 
Dissolved Total U 

co. I 
co.2 

0.2 
0.3 

<I -5 
Cl.5 

co. I 
co.2 

0.2 
0.3 

<I .5 
<I -5 

Suspended Th-232 
Dissolved Th-232 
Suspended Ra-226 
Dissolved Ra-226 
Suspended Total U 
Dissolved Total U 

co. I co. I 
co.2 co.2 
co. I co. I 
co. I co. I 
Cl.5 Cl.5 

6.6 6.6 

Suspended Th-232 
Dissolved Th-232 
Suspended Ra-226 
Dissolved Ra-226 
Suspended Total U 
Dissolved Total U 

I6 <0.2 - 42.4 6.4 
56 co.1 - I.5 0. I 
I5 -co. I - 3.0 0.9 
52 co.1 - 1.1 0. I 
I6 ~0.6 - 3.3 0.6 
56 cl.5 - 84.8 3.4 

Suspended Th-232 
Dissolved Th-232 
Suspended Ra-226 
Dissolved Ra-226 
Suspended Ra-228 
Dissolved Ra-228 
Suspended Total U 
Dissolved Total U 
Suspended U-238 
Dissolved U-238 
Suspended U-235 
Dissolved U-235 
Suspended U-234 
Dissolved U-234 

5 ~0. I - 0.6 co.3 
5 co.1 - 0.3 co.2 
5 <O-l - 1.2 0.3 
5 co. I <o. I 
5 ~6.0 - 12.0 a.0 
5 ~4.0 - 6.0 c5.0 
5 <I .5 <I.5 
5 Cl.5 - 5.4 2.5 
5 co.1 - I.1 0.3 
5 0. I - 4.9 I .B 
5 co. I co. I 
5 co.1 - 0.3 co.2 
5 co.1 - 0.9 0.3 
5 0.2 - 5.2 2.0 

40,OOC 

2,@33 
3JJo,OfX) 

30 
40,000 

600 

40,000 

2,@30 
30,OOD 

30 
40,000 

600 

@J,ooo 
Loo0 

~,~ 
30 

40,OOC 
600 

40,000 

2,0(30 
30,000 

30 
40,000 

600 

40,OCO 

2,ooo 
~,~ 

30 
30,000 

30 
40,DOC 

600 
40,000 

600 
30,000 

4,DOO 
30,OOC 

4,000 
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Sample Location 
and 

Sample Type Analysis 

TABLE 4-7 

(cant i nued) 

No. of Concentration 
Samp I es Range Average Criterion 
Ana I yzed (pCi/l) (pCi/l) (pCi/l) 

Off-Site Surface Water 

Queen Ave. Outfall 
(Composite Samples) 

Suspended Th-232 
Dissolved Th-232 
Suspended Ra-226 
Dissolved Ra-226 
Suspended Total U 
Dissolved Total U 

Off-Site Subsurface Water 

Manhole North of Suspended Th-232 
15th St. on Tekena St. Dissolved Th-232 

Suspended Ra-226 
Dissolved Ra-226 
Suspended Ra-228 
Dissolved Ra-228 
Suspended Total U 
Dissolved Total U 
Suspended U-238 
Di ssol ved U-238 
Suspended U-235 
Dissolved U-235 
Suspended U-234 
Dissolved U-234 

Manhole South of Suspended Th-232 
15th St. on Tekena St. Dissolved Th-232 

Suspended Ra-226 
Dissolved Ra-226 
Suspended Ra-228 
Di ssol ved Ra-228 
Suspended Total U 
Dissolved Total U 
Suspended U-238 
Dissolved U-238 
Suspended U-235 
Dissolved U-235 
Suspended U-234 
Dissolved U-234 

I4 
I4 
I4 
I4 
I4 
I4 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

co. I - 0.4 
co.1 - 0.4 
co.1 - 0.3 
co.1 - 0.2 
co.1 - 0.1 
<I -5 

<I.0 
<0.4 

0.2 
co.2 
c5.0 
<3-o 
Cl.5 
Cl.5 

I.2 
co.4 
co.2 
co.2 

0.3 
co.3 

<o. I 
co.3 

0.2 
co.2 
c5.0 
c3.0 
Cl.5 
Cl.5 
<o-3 
co.3 
co. I 
co. I 
co. I 
co.3 

0.2 40,000 
0.2 2,ooo 
0.2 30,OOD 
0.2 30 

co.5 40,DOO 
~2.5 600 

c7.0 
co.4 

0.2 
co.2 
<5.0 
c3.0 
<I -5 
<I -5 
Cl.2 
co.4 
co.2 
co.2 

0.3 
co.3 

co. I 
<o-3 

0.2 
co.2 
c5.0 
c3.0 
Cl.5 
<I.5 

0.3 
co.3 
co. I 
co. I 
co. I 
co.3 

40,000 

2,ooo 
~,~ 

30 

M,W 
30 

a,ooo 
600 

@J,ooo 
600 

m,ooo 
4,OOD 

30,ooo 
4,000 

40,000 

2,f333 
30,OOD 

30 

~,~ 
30 

40,000 
600 

40,OOD 
600 

30,OOC 

4,000 
30,OOD 

4,000 
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Page 3 of 4 

Sample Location 
and 

Sample Type Analysis 

TABLE 4-7 

(continued) 

No. of Concentration 
Samp I es Range Average Criterion 
Analyzed (pCi/l) (pCi/l) (pCi/l) 

Off-Site Subsurface Water (continued) 

Queen Avenue Manhole Suspended Th-232 
(Site Grid 0) Dissolved Th-232 

Suspended Ra-226 
Dissolved Ra-226 
Suspended Ra-228 
Dissolved Ra-228 
Suspended Total U 
Dissolved Total U 
Suspended U-238 
Dissolved U-238 
Suspended U-235 
Dissolved U-235 
Suspended U-234 
Dissolved U-234 

Queen Avenue Manhole Suspended Th-232 
(Site Grid U) Dissolved Th-232 

Suspended Ra-226 
Dissolved Ra-226 
Suspended Ra-228 
Dissolved Ra-228 
Suspended Total U 
Dissolved Total U 
Suspended U-238 
Dissolved U-238 
Suspended U-235 
Dissolved U-235 
Suspended U-234 
Dissolved U-234 

Manhole at Queen Avenue Suspended Th-232 
and Liberty Street Dissolved Th-232 

Suspended Ra-226 
Dissolved Ra-226 
Suspended Ra-228 
Dissolved Ra-228 
Suspended Total U 
Dissolved Total U 
Suspended U-238 
Dissolved U-238 
Suspended U-235 
Dissolved U-235 
Suspended U-234 
Dissolved U-234 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0. I 
co.3 
co. I 

0.2 
c7.0 
c2.0 
Cl.5 
Cl.5 
co.2 
co. I 
co. I 
co. I 

0.2 
co. I 

0. I 
co.3 
co. I 

0.2 
c7.0 
c2.0 
Cl -5 
<I.5 
co.2 
<o. I 
co. I 
<o. I 

0.2 
co. I 

40,000 

2,C@O 
~,~ 

30 

~,~ 
30 

40,ODO 
600 

30,OOD 
600 

m,C@o 
4,000 

30,OOD 

4,000 

x0.2 
co.2 

0.2 
co.2 
e3.0 
c2.0 
<I.5 
<I.5 
co. I 
co. I 
co. I 
co. I 
co.2 
<o. I 

co.2 
co.2 

0.2 
co.2 
c3.0 
<2-o 
<I -5 
<I -5 
co. I 
co. I 
co. I 
co. I 
co.2 
co. I 

40,000 

2,ooo 
~,~ 

30 
30,000 

30 
40,000 

600 
40,000 

600 
30,000 

4,000 
u),ooo 

4,000 

<0.8 CO.8 40,000 
co. I co. I 2,ooo 
<o. I co. I 30,OOD 
co.2 co.2 30 
c3.0 c3.0 30,DOO 
c2.0 <2.0 30 
<I.5 <I.5 40,000 
Cl.5 <I -5 600 
co.2 co.2 40,000 
<o. I -co. I 600 
co.2 co.2 30,OOC 
co. I co. I 4,000 
co.3 co.3 30,000 
co.2 co.2 4,000 
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T A B L E  4 -7  

(cent  i nued )  

P a o e  4  of 4  

S a m p l e  Locat ion  
a n d  

S a m p l e  Type  Ana lys is  

No.  of Concent ra t ion  
S a m p  I es  R a n g e  Ave r age  Cr i ter ion 
Ana l yzed  (pCi/ l )  (pCi/ l )  (pCi/ l )  

O ff-Site Subsu r face  W a ter (con t inued)  

Culver t  A t 15 th  S treet S u s p e n d e d  Th -232  
Disso lved  Th -232  
S u s p e n d e d  Ra -226  
Disso lved  Ra -226  
S u s p e n d e d  Ra -228  
Disso lved  Ra -228  
S u s p e n d e d  Tota l  U  
Disso lved  Tota l  U  
S u s p e n d e d  U -238  
Disso lved  U -238  
S u s p e n d e d  U -235  
Disso lved  U -235  
S u s p e n d e d  U -234  
Disso lved  U -234  

Culver t  A t 17 th  S treet S u s p e n d e d  Th -232  
Disso lved  Th -232  
S u s p e n d e d  Ra -226  
Disso lved  Ra -226  
S u s p e n d e d  Ra -228  
Disso lved  Ra -228  
S u s p e n d e d  Tota l  U  
Disso lved  Tota l  U  
S u s p e n d e d  U -238  
Disso lved  U -238  
S u s p e n d e d  U -235  
Disso lved  U -235  
S u s p e n d e d  U -234  
Disso lved  U -234  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

co. I 
co. I 
co. I 
co.2 
<5 .0  
c2.0 
Cl.5 
Cl.5 
co. I 
co. I 
co. I 
co. I 
co. I 
co. I 

<0 .2  
<0 .2  
co. I 
co.2 
c5.0 
c2.0 
Cl.5 
Cl.5 
co.4 

0.2 
co.4 
co. I 
co.4 

0.2 

<o .  I 
co. I 
co. I 
co.2 
c5.0 
c2.0 
< I -5  
< I.5 
co. I 
<o .  I 
co. I 
co. I 
co. I 
co. I 

co.2 
co.2 
co. I 
co.2 
c5.0 
< 2 - o  
< I -5  
< I -5  
co.4 

0.2 
co.4 
co. I 
co.4 

0.2 

40 ,cKx l  

2 ,ooo  
m ,ooo 

3 0  
30 ,oDC 

3 0  
40 ,oDD 

6 0 0  
40 ,DDD 

6 0 0  
30 ,ooD 

4 ,ooo  
30 ,DDD 

4,f)DD 

m ,ooo 
2 ,ooo  

~ ,ooo 
3 0  

m ,oo(J 
3 0  

40 ,DoD 
6 0 0  

~ ,~  
6 0 0  

30 ,DoD 

4,fJDD 
30 ,DDD 

4,f)oD 

aWete r  samp le  locat ions a re  shown  in  F igu res  3 -6  a n d  3-7.  

6 4  



PbW I of 6 

lotmrior 
bbsu-t 

Location* 

TABLE 4-B 

AL%ANY RESEARCH ENTER: SUWARY OF f’fJE-REnEDIAL ACTION 

BUILDING CUSURMNTS 

No. of 
basuramnt fkbdi ngs bbsu-t 

TYP, ‘Taken R9P Units Criterion 

Building l 

Electrical Equiprsnt Rocm %tb-QWtWtb &SC4 rbtbS I 0.03 
FlCOr Dit-OCt blphb ativity on surfbces I 56 

mrbd/h 0.20 
dpn/lW an2 low 

Bui Iding 4 

&I Ram (First LoveI) 
Flwr ~tb+fWlK4 h rbt.S 

Dirat 4Ipha ativity on surfbca 
Trbnsforbblo l iphb 
Trbnsfmrbble beta 

ubi IS %Otb-QmWbfJ &M rbhS 

Dirat blphb bctivity on surfbcas 
Trnsfwbblo blphb 
Trbnsforbblo btb 

flwr/VbIl Intorsoctions Wa-gmu &se r8tms 
Dimct blphb ativity Q) surfbees 
Transforbble alpha 
Tranrfor&lo bmtb 

1% 
I% 

6 
6 

107 
107 

36 
36 
39 
19 
16 
I6 

0.02 - 5.54 mrbd/h 0.20 
20 - 5464 dpm/lW an2 IOOD 

4.4 - 52.0 dpn/lW cm2 200 
15.4 - 127.6 dpm/IW 09 (b) 

CO.01 - 0.65 mrdh 0.20 
0 - ws &an/l00 an2 IWO 

Q-2 - 259.6 +ul/lW a,z 2w 
a.6 - 1304.6 dpr/lOO as? (a) 

Q-02 - 0.70 w&h 0.20 
57 - 3344 Qn/lW d low 
a.2 - 269.6 dpn/lW u? 200 

6.6 - 9%?.% Qn/lW al? (a) 

(kl Roan (Saond Lovei) 
Flwr wa-genna ham rb* 

Dirat blphb ativity on surfbcos 
Trbnsforbble blphb 

Trbnsferbble bta 
ub\ IS btb-g- dar rbt8S 

Direct blphb ativity on surfbces 
Trbnsforbblo blpha 

Trbnsforbble betb 
flwf/VbII Intersations Trbnsfmrbblo alpha 

Trbnsforbble btb 

2% 
2% 

7 
7 

3% 
3% 
IO 
IO 
4 
A 

0.02 - 0.27 mrbd/h 0.20 
9 - 658 9n/lOOar? IOW 
2.2 - 13.2 dpn/lW cm2 200 

Il.0 - s5.2 dpn/lW an2 (b) 

0.02 - 0.06 mrbd/h 0.20 
0 - 157 dpn/lW an2 loo0 

<2.2 - 8.8 dpm/lW an2 200 
G-6 - 24.2 &Yn/lW cm2 (b) 

c2.2 d&iw cm2 200 
Q.6 dpn/iw an2 (b) 

.- 

Dwl Roan 
Miswllbnequs Equipnent tbtbw dOS0 rbtM 

Direct blpha ativity on surfbas 
Trbnsforbblo blpha 

Trbnsforbblo bath 

26 0.01 - 55.8 mrbd/h 0.20 
26 0 - 10,4%4 dpm/lWcm2 loo0 
56 <2.2 - 049 dpl/lW on2 200 
s6 6.6 - 3247.4 &an/lo0 an2 (b) 

Filter Inletts 
Exter i ors 

htbe &Se rbt8S 6 0.01 - 0.51 mrbd/h 0.20 
Trbnsferbble blphb 4 2-6 +n/lW cm2 200 
Trbnsferbblo b&b 4 I3 - 20 +m/lW cm2 (a) 

Filter Outlets 
Exteriors 

htb-fJ.S”M dorr rbt= 6 0.01 - 0.06 mrbd/h 0.20 
Trbnsforbbla blpha 4 6 d&lW cm2 200 
Trbnsfbrbble bbta 4 II - 26 dcm/lW cm2 (a) 

_ . I c - . -  
- . -  . . _ .  I .  -  . -  

l̂ “̂_̂ l . - - ^  __.. .” 
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Interior 
basurmmnt 

Laat i ons 
rkasuramnt 

TVP 

TABLE 4-8 

(continued) 

ho. of 
Road i ngs hasutvlmnt 
Taken bnsP Units Criterion 

&i ldina 5 

Machine Shop 

Floor 

ktal Storage Rcan 
FlOor 

Bsta-gama Qrr rates 34 0.01 - 0.27 mad/h 0.20 
Dirut alpha activity on surfaces 34 0 - 1973 dpn/loooJ loal 
Transforabla alpha 6 c2.2 d&l00 an2 200 

Transferable hta 6 6.6 dpldloo cd (a) 

Betagmma dtna rates 5 0.03 - 0.06 wad/h 0.20 
Dirut alpha activity on surfaces 5 28 - 157 dpn/loocm2 1000 

Building I7 

Hallway 

Lab 9 

Rocm ID 

Building 19 

Hod (intarior) 

Betagmrm doss rates I2 
Dimt alpha activity on surfaces I2 
Beta-g- do= rates 2 
Dirat alpha wtivity on surf- 2 
bta+muaa &IO rates 10 
Dirod l iphd atluity on surf- I8 
Tmrfordlo l Ip)u 5 
Trnsforablo Ma 5 

Transforablo alpha 
Transferable kta 

Building 23 

Ama &lw Hopper Ho. 4 Transferable alpha 
Transferable kta 

Old Thoriun Lab DDOn+ay Transferable alpha 
Transforablo bta 

Area Loft of Sunp Transforablo alpha 
masmeflt) Transforablo beta 

Building 25 

Furnace Tops hta-9mma dou rates J 0.08 - 0.09 wad/h 0.20 
Direct alpha activity a, surf- J 37 - III dpn/lOOar? IOW 
Transferable alpha J c2.2 dpn/lOO an2 200 
Transferable beta J 4.6 dp/loo al? (a) 

0.02 - 0.07 
0 - 102 
0.03 - 0.04 
9 - 20 
0.03 - 0.21 

20 - II39 
0.2 
6.6 - 6.6 

I <2.2 
I 6.6 

I 2.2 
I 4.6 
I Q-2 
I c6.6 
I c2.2 
I a.6 

mrad/h 
dpTdlalo2 
mrad/h 
dpr/l# an2 
mrod/h 
WI00 d 
d&&la0 d 
&Jlm/lDO ci3 

0.20 
1000 
0.20 
loo0 
0.20 
IWO 
200 

(a) 

WI00 ar? 200 
dpm/loo d (a) 

dpn/lOO an2 200 
dp/lW cm2 (a) 
WI00 al? 200 
dpJn/lOO on2 (a) 
Qn/lOO art2 200 
dpn/im UI? (a) 
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TMLE 4-8 

(continued) 

Interior 
masuramlt 

Laat ions 
Measu-t 

TV- 

No. of 
Rsad i ngs Ibasurmnt 
Taken fW3e Units Criterion 

Building 27 

ftom 102. Floor 

Duilding 28 

Rem I5 (Corridor) 

Duilding 29 

Roan IO1 (Floor) 
Roen 102 (Floor) 
M IO3 (Floor) 
RDzr IW (Flaw) 
Raa ID4 (Sink Draln) 
bm I- (Floor) 
Aoan IO5 (Sink Drain) 
km I(# Qw+er Top) 

Roan I06 (Sink Drain) 
Rcun 107 wood) 

Rmn I07 (Sink Drain) 
Roan 107 (Floor) 

Roan lo8 (Floor) 
Dcun IDE (Flax Drain) 
TGxtn IOB (Sink Drain) 
Roan 108 (Counter Top) 
Rocm I09 (Hood) 

&an lo9 (Sink Drain) 

Roan lo9 (Counter Top) 
Ram 110 (Floor) 

Roan II0 (Hood) 

0eta-pmm. &se rates J2 0.08 - 6.77 
Direct alpha activity on surfaces 32 65 - 5BBI 
Transferable alpha 6 c2.2 
Transferable beta 6 6.6 

bta-gmwna dose rates 
Dirat alpha activity on surfaces 
Transferable alpha 
Transferable kta 

0eta+mna dose rates 
0eta-grrmr &se rates 
0mta-gau &se rates 
0etagrrw &ma rrtes 
W~do6orahs 
bh-gama doso rotm 
&tr*mms &no rates 
0eta-gmma cbse rates 
Transferable alpha 
0eta-ga-m dose rates 

Bsta-gmm dose rates 
Transferable alpha 
0eta-gmwm dose rates 
0eta-gmnna dose rates 
Transferable alpha 
Beta*- doss rates 
Bata-gumm dose rates 
0eta-gamm dose rates 
Beta-g- Qu rates 
Beta-g- Qse rates 
Transferable alpha 
bta-g- ckna rates 
Transferable alpha 
0eta+wena doso rates 
B&a-g- &se rates 
Transferable alpha 
0eta-gmm &se rates 
Transferable alpha 

4 0.04 - 0.45 
4 37 - II66 
I c2.2 
I G.6 

I 
I 
I 
I 
I 
2 
I 
I 
I 
I 
3 
I 
I 
2 
I 
I 
I 
I 
I 
2 
I 
I 
I 
I 
I 
I 
2 
I 

0.01 mrad!h 
0.01 mrad/h 
0.01 w&h 
0.02 mad/h 
0.01 mrad/h 
0.01 - 0.02 wad/h 
0.01 wad/h 
0.02 mrad/h 

c2.2 dpn/lrn cm2 
0.02 mrad/h 
0.01 - 0.04 mrad/h 

c2.2 dpdlrn an2 
0.01 mrad/h 
0.01 mrad/h 

c2.2 dpm/lW cd 
0.01 mrad/h 
0.02 mrad/h 
0.01 mrad/h 
0.01 mrad/h 
0.01 - 0.02 mrad/h 

c2.2 dpm/lOO d 
5.96 mrad/h 
4.32 dpn/lal a$ 
0.01 mrad/h 
0.01 mrad/h 

c2.2 -100 cm2 
0.01 mrad/h 

c2.2 dpnllrn 02 

mrad/h 0.20 
dpn/lWu2 IOOC 
wim ad 200 
WI00 an2 (a) 

mrad/h 0.20 
&an/lOOcm2 1000 
dpn/fm m2 200 
dpn/lrn al? (a) 

0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 

200 
0.20 
0.20 

200 
0.20 
0.20 

200 
0.20 
0.20 
0.20 
0.20 
0.20 

200 
0.20 

200 
0.20 
0.20 

200 
0.20 

200 
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Interior 
lgasur-t 

Locations 
&asurmmt 

Tvpe 

TAELE 4-B 

(continued) 

No. of 
Ibad i ngs Measurrrmt 
Taken bfw Units Criterion 

Building 29 (continued) 

Rcun II0 (Counter Top) 
fban I10 (Tool Chest) 
Roan II I (Floor 6 Drains) 

Roan 1 I I (Counter Top) 
Roan II5 (Floor) 
Rmm II4 (Floor) 
Hal Iray (Floor) 

0eta-gmna &ne rates 
Beta-g- dose rates 
Lta-gmna dose rates 
Transferable alpha 
0eta-pma dose rrtes 
Beta-gums dose rates 
&ta-gama dew rates 
btagunna dose rates 

%cond Lovol 
Rafters 
Floor 
Filter Casing 

Bsta-gmm &se rates 
0eta-ganna &se rates 
Bsta-gmma &se ratws 

Duildina SD 

F&rication Rooll 
Floor Etota-gmna dose rates 

Dirut alpha activity on rurfmms 
Trmsfomblo alpha 
Transforablo kta 

Yal Is 0eta- &se rates 
Direct alpha activity on surf- 
Transferable alpha 
Transferable beta 

Floor/Wall Intersections Eleta-gamna dose ratms 
Direct alpha activity on surfaces 
Transferable alpha 
Transforab Ie bta 

I 0.01 
I 0.01 

0 0.01 
1 ct.2 
I 0.01 
I 0.01 
I 0.01 
I 0.01 

0.42 

mrad/h 0.20 
mrad/h 0.20 
mrbd/h 0.20 
dpn/im CS? 200 
mrad/h 0.20 
mrad/h 0.20 
mrad/h 0.20 
mrad/h 0.20 

5 0.01 
4 0.01 
I 0.01 

mrad/h 
mrad/h 
wad/h 

0.20 
0.20 
0.20 

“I 

VI a.01 - 0.66 
371 0 - ID42 
IO2 Q-2 - II.0 
102 6.6 - 50.6 
Is4 0.01 - 0.06 
133 0 - 610 
64 e2.2 - 22 
64 a.6 - 0.0 
43 0.01 - 0.06 
43 O-204 
32 c2.2 
32 C6.6 

r&h 

gz5 
dpn/im c,Z 
mrad/h 
dpr/im U? 
dpn/lOO an2 
dpn/im 9112 
mrad/h 
dpn/im c,Z 
wtrn 02 
dwirn CJ 

0.20 
IDDD 

200 
(a) 
0.20 
loo0 
2ao 

(a) 
0.20 
loo0 
200 

(a) 

Fi Itors 
Inlets 0eta-gmna &se rates I2 

Direct alpha activity on surfaces I2 
Transforabla alpha 12 
Transferable bta I2 
Brta-gmwm dose rates II 
Direct alpha activity on surfaces II 
Transferable alpha I I 
Transforablo beta II 

0.01 - 6.41 mrad/h 0.x) 
I9 - 8984 dpr/iman2 1000 
Q.2 - 65 dpn/imcm2 200 
4.6 - 244 dpn/im d (a) 

0.01 - 0.08 mrad/h 0.20 
0 - 5% dfdimcm2 10~0 

<2.2 - II.0 dpn/im an2 200 
66.6 - JJ.0 wim cm2 (a) 

Outlets 

Overhead Deans Deta-g- dose rata m 0.01 - 0.11 mrad/h 0.20 
Direct alpha activity on surfaces 20 I7 - 492 dpn/tm cm2 1w0 
Transferable alpha IO c2.2 - II.0 Qm/im d 200 
Transferable beta IO 4.6 - 50.6 Qmlim Orz (a) 

_. ---.- . . . . . .-. .- -- -.- _ 
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TlglE 4-8 

Page 5 of 6 

(con) i nuod) 

Interior 
hasur-t 

Laat i ens 
ksurmrent 

TW 

MO. of 
Wings weasu-t 
TakUl bw Units Criteria, 

Building u) (continued) 

Miscellaneous Equipmnt Beta-g- dose rates 
Dirsct alpha activity on surfaces 
Transferable alpha 
Transferable beta 

I7 
I7 
IO 
IO 

0.01 - 61.2 
0 - 3%&i 
2.2 - II.0 
6.6 - 126.9 

mrad/h 
dpn/lW cm2 
dwrm c,Z 
wlrn c,Z 

0.20 
loo0 
200 

(a) 

mrad/h 0.20 
dpm/lW u2 loo0 
dpm/lm & 200 
wfrn & (a) 

mrd/h 
dpn/tm d 
dpdim a,Z 
wim c,Z 

0.20 
loo0 
200 

(a) 

Tcuer Base 
Floors I7 

I7 
7 
7 

0etr-gmma dose r&es 
Dirat alpha activity on surf- 
Transforablo alpha 
Transforablo beta 

-xl.01 
0 

c2.2 
6.6 

UaI Is Bmtb-gmnna &se rates 

Direct alpha activity on surf- 
Transferable alpha 
Transferable beta 

23 
23 

2 
2 

0.01 - 0.03 
0 - 51 
2.2 
6.6 

Bul Idir# 31 

b+4gama&serahs 
Dimct alpha utlvity on rurfaas 
Transforablo alpha 
Transforablo kta 

Yal Is 0etr-ganru bso rata 
Dimt alpha activity on surf- 
Transfarablo alpha 
Transferab lo beta 

Floor/Wall Intersections 0etegmm doso rates 
Diract alpha activity on surfaces 
Transferable alpha 
Transferable b&a 

I9 0.01 - 0.34 ml-ad/h 
I9 0 - III 4dirn09 

I a.2 dpr/imcm2 
I 6.6 dpdim d 

20 0.01 - 0.04 mrad/h 
28 o-60 wirn d 

6 C2.2 qdim cm2 
6 a.6 - 6.6 dpn/im cn2 

23 0.01 - 0.10 mrad/h 
23 I9 - 241 wirn ,2 

2 x2.2 wirn an2 
2 66.6 - 6.6 ddim ~39 

0.20 
IaQo 

200 
(a) 
0.20 
1000 
200 

(a) 
0.20 
loo0 
200 

(a) 

Fi Itws 
(Inlets and Outlets) 

Bsta-gmnna &ne rates 
Direct alpha activi)y on surfaces 
Transferable alpha 
Transforablo beta 

0.02 - 7.57 mrad/h 
37 - 7% dwlm d 
c2.2 - Il.0 dpn/tm U? 
4.6 - 17.6 dpr/im anZ 

0.20 
loo0 
200 

(a) 

0eta-gmwu dose rates 

Direct alpha activity on surfams 

khanical Testing Lab 
Floor Beta-gmma Qse rates 

Dirat alpha activity on surfaces 

6 0.01 - 0.03 mrad/h 
6 I7 - I36 ddirn cm2 

0.20 
1000 - 

0.03 wad/h 
56 wirn & 

0.20 

63 



Paga 6 of 6 

Interior 
ebasuramnt 

Locations 
lkmsufwrmnt 

fvr- 

TABLE 4% 

(coot i wed) 

No. of 
Read i ngs kasuranent 
Taken bfw Units Criterion 

Building 31 (continued) 

Drain Ends 

lbY?lNo. 0 
Ual Is 

RamNo. IS 
F Iwrs 

Drain 

RoanNo. 14 
tlood 

Transferable alpha 
Transferable beta 

Bata-gm doss rates 
Direct alpha activity on surf- 

0eta-gama hse rates 
Dirat alpha activity on surf- 
Transforablo alpha 
Transferable beta 

Transferable alpha 
Transfarable beta 

I2 
12 

4 
4 

I 

c2.2 - 4.4 dpn/fm cm2 
6.6 - 99.0 dpn/im c,Z 

a.01 - 0.03 mrad/h 
0 - 51 dpn/Im cm2 

0.02 - 0.03 mrad/h 
0 - 93 tipdim c,Z 

c2.2 dpn/im ,2 
6.6 dph/im Q I? 

50.6 dpdirn OI? 
W-0 dpnlim cm2 

200 
(a) 

0.m 
loo0 

0.20 
loo0 
200 

(a) 

200 
(b) 

$b DOE gui&l in has b rtabl lrhd for transfwdlo beta cont~ination. oat8 am mpartd for anplotmnoss. 



5.0 SIGNIFICArJCE OF FINDINGS 

- 

5.1 FIELD SURVEY 

Tne survey of field areas of the ARC site revealed areas of 
elevated concentrations of thorium-232 and radium-226 in surface 
and suosurface soils. Thorium and radium were found to be the 
major contaminants on the site. The extent of surface 
contamination was determined using results from surface soil 
samples and near-surface gamma measurements. Depths of 
contamination were determined using logs of borehole gamma 
readings and the results of subsurface soil samples. 

For thorium-232 and radium-226, the extent of contamination was 
based on the DOE guideline of 5 pCi/g averaged over the first 
15 cm of soil below the surface, and 15 pCi/g when averaged over 
15-cm thick soil layers more than 15 cm below the surface. 

The results of the calculation of the extent of contamination is 
illustrated in Figure 5-l. These specific areas correspond with 
the general elevated areas of contamination reported earlier by 
ANL (Refs. 1 and 2). Calculating the surface area and depth, an 
estimated 2000 m3 (2600 yd3) of contaminated material will 
have to be removed for the ARC site to comply with guidelines. 
Prior estimates by ANL were based upon readings above-background, 
which resulted in an estimate of 13,500 m3 (17,000 yd3). 

In addition, sediments showing above-guideline contamination 
will have to be removed from exterior sumps located south of 
Building 4 and Building 17 and an acid drain located north of 
Building 4 (see Figure 4-4). The amount of material in these 
sumps and drain is estimated to be approximately 5 m3 

(6.5 yd3). 

All surface and subsurface water samples both on-site and 
off-site were below DOE criteria for all radionculides. Also, 
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soil samples collected to assess possible non-radiological 
contaminants were belOM EPA standards for priority pollutants. 

5.2 BCJILDING SURVEYS 

Results of the building surveys showed above-guideline 
contamination that falls into three categories: surface 
contamination of portions of tne buildings, floors and/or walls; 
contamination in trenches and drains; and contamination of 
equipment. 

Table 5-l lists each building in which above-guideline 
contamination was located. As applicable, Table 5-l gives the 
area of surface contamination and the other contamination (e.g., 
trenches, equipment) in eacn building. 

As shown in Table 5-1, the total surface area to be 
decontaminated (not including the floor/wall intersections in 
Building 4) equals 45 m2 (484 ft2). Assuming that surface 
decontamination would require the removal of 2.5 cm of material 
from these 45 m2 (484 ft2), the total building surface 
contamination to be removed is approximately 1 m3 
(1.3 yd3). 

._1 

..- 

,- 

The total volume of material likely to result from decontamina- 
tion of the other contaminated areas and/or equipment listed in 
the table is estimated to be a minimal amount. Because some of 
the contaminated equipment will be decontaminated, while other 
equipment will be removed, the total volume of material will be 

determined during remedial action. 
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TABLE 5-1 
SUMMARY OF ABOVE-CRITERIA CONTAMINATION IN BUILDINGS 

ALBANY RESEARCH CENTEH 

Building 
Contaminated Other 
Surface Area Contamination 

4 

4 

5 

17 

23 

27 

28 

29 

30 

31 

- Level 1 11 m2 

- Level 2 2 m2 

3 m2 

2 m2 

--- 

20 m2 

1 m2 

--- 

4 m2 

2 m2 

6 floor/wall intersections; 
5 pieces of equipment 
2 filter outlets 

--- 

3 trenches with contaminated 
sediments 

--- 

2 drains 

Tube furnace and pump 

--- 

30, 31 --- Contaminated filter system; 
9 inlets above guidelines 

TOTAL 45 m2 --- 
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